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GEOLOGY OF QUADRANGLES H-12, H-13, AND PARTS OF I-12 AND I-13,
(ZONE III), IN NORTHEASTERN SANTANDER DEIARTINEWT, COLOMBIA
By

Dwight E. Ward and Richard Goldsmith
U. S. Geological Survey

and
" Jaime Cruz B. and Hernan‘Restrepo A,
Instituto Nacional de Investi-
“gaciones Geoldégicos -Mineras
ABSTRACT

A program of geologic mapping and mineral investigation in
Colombia was undertaken cooperatively by the Colombian Institute
Nacional de Investigaciones Geolégioc%ﬂimeras (formerlf‘knqwn as the
Inventario Minero Nacional), and the U. S. Geological Survey, sponsored
by the Government of Colombia and the Agency for International Develop-
ment, U. S. Départment of State. The purpose was to study. and evaluate
mineral resources (excluding of petroleum, coal, emeralds, and alluvial
gold) of four selected areas, designafed Zones 1 tb IV, that total
about 70,006 kmz. The work in Zone III, in the Cordillera Oriental,
was done from 1965 to 1968.

The northeast trend of the Cordillera Oriental of Colombia
swings abruptly to north-northwest in the area of this report, and

divides around the southern end of the Maracaibo Basin. This section

of the Cordillera Oriental is referrcd to as the Santander Massif.




'

Radiometric age determinations indicate that the oldest rocks of
;the Santander massif are Precambrian and include high-grade
%gneiss, schist, and migmatite of the Bucaramanga Formation. These
‘iocks were proovably part of the Precambrian Guayana Shield. Low- to

”

medium-grade metamorvhic rocks of late Precambrian to Ordovician age

Zinclude phyllite, schist, metasiltstone, metasandstone, and marble of
| . 4 ‘
Ethe Silgara Formation, a geosynclinal series of considerable extent in

the Cordillera Oriental and possibly the Cordillera de Merida of
| .

‘

iVenezuela. Orthogneiss fanqing from granite to tonalite is widely dis-

-.tributed in the high- and medium-grade metamorphic rocks of the central

core of the massif and probably represents rocks of two ages, Precambrian
‘and QOrdovician to Early Devonian. Younger orthogeneiss and the Silgari
are overlain by Middle Dewvonian beds of the Floresta Formation which

;show a generally low but varying degree of metamorphism. Phyllite and
i .

argillite are common, and infrequent marble and other calcareous beds

‘are fossiliferous. Except for recrystallization in limestones of

i
i

i .
%the Permian-Carboniferous Diamante Formation, sedimentary rocks younger
! .

.than Devonian are unmetamorphosed. !

it i
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The effects of Precambrian regicnal dynamothermal metamorphism and

i
!

> plutonism on Precambrian geosynclinal depcsits reached the upper
; .

amphibolite facies in the Bucaramanga Gneiss. The geosynclinal
Silgara Formation was subjected to similar conditions
5—:in Late Ordovician and Early Silurian time but reached oniy the green-

‘'schist or lower amphibolite facies. Orthogneisses generally show a
!

i

i

.concordance of foliation and lineation with the neighboring Silgara

Formation and the Bucaramanga Gneiss - » as well as similarities in
1 N N

grade of metamorphism. Regional dynamothermal metamorphism in Late
Permian and Triassic time reached low grade in the Floresta Formation

and caused recrystallization of limestone of the Diamante Formation.

The Bucaramanga and Sil ard metamorphic rocks show ovidcnce of retro-

gressive metamorphism accompanied by high activity or potassium and water,

but whether this occurred at the time the Floresta was metamorphosed or

‘later is not clear.

Batholiths, plutons, and stocks of igneous rocks in the Santander

massif range from diorite to granite. Radiocactive age data indicate

that most belong to a single plutonic intervél. These are

referred to as the Santander Plutonic Group and are
Jurassic and Jurassic-Triassic. Two suites of this group are pink granite

and quartz monzonite, and gray quartz monzonite and granodiorite. Con-

tact relations indicate that the pink and more granitic rocks are

§°unger than the gray and more mafic rocks, but radiocactive age data
ST€ 1n conflict with this. Undated plutonic rocks that are not clearly

Telated to the group are assigned to relatively older or younger age
Positions,

s




West of the Bucaremanga fault rhyolite makes up a small body

at one loqality and forms an intrusive sheet with granophyre and in-
trusive breccias in Triassic sedimentary rocks at another locality.
Its age is unknown, but it probably is younger than the Santander
Plutonic Group.

Felsic, mafic, and lamprophyric dikes are common in the batho-~
liths, plutons, and adjacent rocks, ana most appear to be genetically
related ' to the larger igneous bodies, whereas rarer dikes of dacite
porphyry, basalt, and diabase are not related. Basalt and diabase
dikes are widely scattered and have been found nearly és high in

the section as the Jurassic-Cretaceous boundary. Dacite porphyry

is the only igneous rock that intrudes Cretaceous rocks.

o RN,
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. With the uplift that accompanied emplacement of batholiths in

!
i
ELatest Triassic and Jurassic time, erosion of the roof rocks furnished

., fine-grained redbeds and conglomerates of the Jordan Formation,followed
s by erosion of the batholiths themselves that provided the coarse-grained

<. |and conglomeratic arkosic sediments of the Girdn Formation in thick

" accumulations off the flanks of the uplift. This period was followed

by marine invasion and sedimentation of the Cretaceous pericd. 1In the:

i+ iMagdalena Valley area, Lower Cretaceous sedimentation began with

¢

.

g éqnartz sands of the Tambor Formation and continued with fossiliferous
i
10! limestone of the Rosa Blanca Formation, black shale of the Paja Forma-
it - tion, fossiliferous limestone, glauconitic sandstone and black shale

12 ?of the Tablazo Formation, and still more black shale of the Simit{

i
A

i3 fFoxmation. In lLate Cretaceous time, calcareous black shale with chert

. and phosphatic beds in the upper paft of the La Luna Formation were

'*- deposited during the time of most widespread marine transgression.
Thereafter gray shale and limonitic beds of the Umir Formation

, accumulated as marine conditions were gradually succeeded by continental

«

;deposition including coal beds in the latest Cretaceous.
{ .
Cretaceous deposits over the area are mostly uniform in character

- if not in thickness, and remnants of these rocks that have escaped
. erosion in the massif are similar to the Cretaceous rocks of the

iMagdalena Valley to the west and the Maracaibo Basin to the east.

&3

%
5
!
\(
—{‘N__»
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) Continental conditions prevailed in the Magdalena Valley arca through

[

. 'the Tertiary, with the deposition of sandstone, shale, and coal beds in

1
'

'the Paleocene Lisama Formation; focllowed in the Eocenz by thick con-

1
+ .glomeratic sandstone of the La Paz Formation and sandstone, siltstone,
{

s-land shale of the Esmeraldas Formaticn, in the Oligocene by shale of the

s {Mugrosa Formation and shale with coarse conglomeratic sandstene cf the

i
: !Colorado Formation; in the Miocene by even coarser and thicker deposits

¥

of the Real Group; aﬁd continuing into the Pliocene and Pleistocene

with the Mesa Group. Most of the section of Tertiary rocks in the
Colombian part of the Maracaibo Basin'is similar in origin and lithologic
character but is thinner than that in the Magdalena Valley. These rocks
were eroded from, 6r were never deposited, in the area that is now the

highest part of the massif.

Y

i ) .
" % Alpine glaciation occurred on the Santander massif during the
\

15~:Pleistocene, and widespread terraces in the lower valleys may date from
I .

- this period. Orogeny is probably at or near its highest level at the

-
.-

present time,with streams eroding the flanks of the massif at a high
{ !
.rate, aided by deep weathering and landslides. '

, The Bucaramanga fault, a major fault of regional extent, trends

north-northwestward across the area. It apparently extends to the
;north coast as the Santa harta fault,defining the western boundary of
itﬁe Santa Marta Mountains. The investigafions reporteé heré indicate
awlong and complex history for the Bucaramanga fault, from early lateral

displacement followed by uplift of the Santander massif to the east

that continues to the present time.
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West of the Bucaramanga fault are three areas of,rather'distinct
structural character: 1) A wedge-shaped, down-faulted block between the
Bucaramanga and Sudrez faults is mostly an area of mesas, tilted slightly
westward, and capped by basal Cretaceous éandscane. at the thin north end
of the wedge, Quaternary gravels and mudfows accumulated in the fault-
formed basin and now form the dissected terrace on which Bucaramanga, the
main city of the region, is located. 2)‘A plateau belt bordering the
mesas wes; of the Sué}ez faﬁlt consists ﬁostly of dissected beds, undu-
lating to steepl& dipping, of the thick Girdn Formation. 3) West of the
plateau area all sedimentary rocks frgm Jurassic to Teritary plunge
westward into the deep trough of the Nuevo Mundo synclige. This narrow
syncline is on the.deeper eastern side of the geosynclinal area of the
Magdalena Valley basiﬁ. Most of it is separated from the shallower
part of the geosyncline to thé west by the north-trending La Salina fault,
which places Upper Cretaceous rocks on the east side in contact with
Oligocene and Miocene rocks on the west.

! In the high country that continues south and east of the metamorphic

*éand igneous rocks of the Santander massif, two north-trending structural

I

basins are separated by the regional Serviti fault. 'The western basin
_contains sedimentary rocks ranging frém Devonian to Upper Crectaceous
‘and is complexly faulted. Rocks of the castern basin range from Lower
;Cretaceous to Eoccne and have undergone cgmpressiénal folding that is

; ‘.

. more
More intense toward the west. ’

R VL GOVERN® LNT 0 NP0 b p by gt e



Many faults were napped to the 2ast and west of the Bucaramarnga
ifault, and many more are indicated by lineaments on aerial photographns.
Most have trends within a range of north-northeast to north-northwest,

mostly parallel to the trend of structure. OCnly a few major faults cut

across this trend. On the east and west flanks of the Santander
massif, belts of sedimentary rocks that include mostly Cretaceous
formations have escaped erosion on the downthrown sides of long faults.

iOn the east flank the downthrown sides are on the west, and on the

i

,west flank the downthrown sides are on the east, which suggests either
‘ more active uplift of the flank areas or collapse of the central area

' relative to the flanks.
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INTRODUCTION

Purpose and scope

The southern half of Zone III of the Colombia Inventario Minero
Nacional (IMN) , is principally in the Department of Santander, but also
embraces small parts of the neighboring Departments of Norte
de Santander and Boyaca (fig. 1). Zone III is one of four areas in
Colombia selected for mapping and field investigations. The work was
conducted by the Inventario Minero Nacional, now included as part of
the Instituto Nacional de Investigaciones Geolégico%ﬂine?as (INGEOMINAS),
an agency established under the Ministry of Mines and Petroleum of the
Colombia Govermnment to work in collaboration with the United States
Geological Survey (USGS). The work was partly financed by the Agency
for International Development, U. S. Department of State.

This report is concerned with the southern half of Zone III
and summarizes results of mapping and investigations made during the,
period October 1965 to September 1968. The area covered includes all
or parts of four quadrangles of the Colombia Gauss grid system:

HLIZ, H-13, I-12, and I-13 (fig. 2). The geology of tﬁe area is shown

in plate 1. The total area mapped is 10,370 square km.
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Histor, 25f cthe pyoiect

Four Colombian geologists and a USG3 advisvr (D. E. Ward), began
field work October 30, 1965, in Zone III. The group was very forturate
to have the company of Dr. Jaime de Porta, geclogist of the Universidal
Industrial dé Santander, on initial trips to become familiar with the
sedimentary geology. Richard Goldsmith, advisor in igneous and meta-
morphic‘geology, joined the group in December 1966. The number of
geologists assigned to the ZoneMIII area ranged from 13 to 17.

In January 1966, field work was started in the Surata’ area northeast
of Bucar;manga. From there the mapping was expanded into the surrounding
area by assigning specific areas to each geologist. Also in 1966, a
photogeologic map of Zone III was completed by GéoPhoto‘Services, Inc.,
under a contract with IMN. In the later part of the contract period,
all geologists in the zone were assigned to a one-month field check of
the preliminary photogeologic maps. Although deep weathering, vege-
tative cover, and locally complex structure prevented accurate photo-
geologic mapping of many pérts of the zone, the final photogeologic maps
were helpful in field mapping and in ‘interpretation of regional
structure. |

A reconnaissance of phosphate rock in Colombia.was made in
;he second half of 1966, When it became evident that major resources

of phosphate rock are present in Zone I1I, phosphate investigations

were later assigned to a separate group within IMN.
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The material presented in this
following geologists of IMN-I
much of the time under difficult conditions, and bus for whose

perserverance and enthusiam the report
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Rafael Romero D.
Dario Botero G.
Raul. Perea R.
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Carlos Ulloa M.

Alvaro Rojas P.
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Location and access$

Excont for Lot northrrestern side 07 the 7one hich extentis to

-0 tlagdalena valley, sost af the southara nalf of Jom2 111 1i2s in

the Cordillera Orient%} cf the Andesnip qo;cbeast Colombia (fig. 1).
This region of the Cordillera Oriental is referred to as the.
Santandér massif. Tne cantander nassif is just nortrest of whEre

the Cordillera_Oriental changes trend from northeast toO northwest,
nusoidal plexus where the Cordillera branéhes into the north-

and in & si

’ v . 4 .
ward -trending arc of the Gerrania de Perija that forms the boundary

between Venezuela and Colombia and the northeast—trending Cordillera

, N
de Merida of west-central Venezuela.

The south nalf of Zone 111 is relatively vell covered by roads
(fia. 2). The main north-south highway Trom 20g0t5 to the coast at
santa l'arta follows the east side of-the-range and nasses £hrouni
sycaramanna.  Tais hichuay 55 naved within the zore. It is locates
along the trace of the Zucaramnanta fault through cuch of the mep ared.

a

L pave! fast- oSt Sinhvay nassos throutt sycaramanda Trof

wﬁrtancaﬂerﬂcja on the Waqdalena,River across the gantander massif to

D N .
ramlona, fucuta, an- into Vapozunla. np tho enst gids of the

range, and partly outside the ZONC, is 2 maior unravedt north-souts

L3yl . ’ . ) .
“j~eay fron Parniona to inqota. This MWV crevidas accoss e the

ast sida pf the zone 1iona most Af its 1ennth.

I
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. Smaller unpaved roads cross the range in the southern part of

the zone to connect the main highways. The piedmont slopes to the
Magdal?na in the northwestern part of the area (H-12)on the
western side of the Magdalena Valley are relatively inaccesible.
The right-of -way of the Ferrocarriles Nacionales which passes down
the Lebrija gorge to the Magdalena Valley provides some access to this
country. Short dead-end roads lead from the principal roads to some
of the ;maller towns,

Most of the area between the roads is accessible only by
mule, horse, or foot. No place in the zone is mbre than a day's

ride or walk from a road.




Toﬁography, drainage, and cliimate
The southe%n half of Zone III can be divided inte soeveral topo-
graphic regions. (1) One is the massif proper which comprises the
main high range, and slopes to east and\fo the west as
far as the break in slope at the Bucaramanga
Front. (2) Another is the somewhat lower drainage basin of the Rig
Chicamocha to the south and southeast. .Altitudes éf ridges in this
basin range from 2,000 to 2,600 m, whereas the river flows from 1,200
to 500 m nortthsterly across the range. (3) Another region includes
the mesas which extend from Bucaramanga to the southern limit of the
zone and which border the main high range and the Chiéamocha basin on
the west. These. are, from north to south, the Mesa de Ruitoque, Mesa
de Los Santos, and -the Mesa de Barichara; they range from 2,250 to
1,300 m.. The basin in which Bucaramanga lines at about 1,000 m and
the valleys between the mesas are considered to be part of the region
of the mesas, (4) A fourth region includes the plateaus west and
northwest of Bucaramanga and west of the region of the mesas, and
the ridges and valleys west of the plateaus. General altitudes
here are 1,200 to 1,000 m. (5) The fifth region is the Magdalena

Valley, at an altitude of 100 m. -




7
The massif forms a three-way divide between the Rio Magdalena

Vs /
drainage to the Carribecn Ssa on the west, the Ric Zulia-Rio

: - .
Catatumbo drainage into Lake Marac aibo and the Caribbean Sea on

4 N

the northeast, and the Rio Orinoco and the Atlantic Ocean on the
east. The principal rivers draining the massif into the Magdalena

14 4 ’
are Rio Chicamocha and Rio Suarez which combine to form Rio
Sogamoso west of the Mesa de Los Santos (pl. 1). Only a small part

)
of Rio Suarez lies within the zome.

North of the Rig Chicamocha—RiB Sogamoso drainage is.RiB
Lebrija with its major tributaries: Rio de Ora, draining the mesas
and the front of the massif south of Bucaramanga, and R{g Surata,
Rig Negro, and Ri0 Cachiri draining the west front of the massif north
and northeast of Bucaramanga.

Rio Chicémocha is the dominaqt stream draining the southern
part of Zone I1I. It flows roughly northwest out of the massif}
its larger tributaries, Rigs Manco, Uﬁpala; Perchiquez, Guaca, and
Servita flow into it from the north and north-east. Only Rig Onzaga
flows into it from the south. South-flowing Rio Servita is the largest

tributary of the Chicamocha and drains much of the east side of the

ZOone.
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nly tne teadyaters of 219 70141 drajnacs ars vicnii the

southern half of 7one 111, The princinaX ctrears are 10 Cucutilla

and its tritutaries vihich drain the portheast sida of the Paramo ¢'2

d
Santurkan, and D10 parnlonita,draining e Pamnlona ared.

Pd ’
Nrainace into 710 Avauyca is by vay of ©ig Chitaca and¢ its

) - . - 4
spibutaries tie rip Caraba, "10 Fnrpeturas, and Mio Santo "pninno

4

7
vhich taos a relatively small area from the sauth side of Faramo de

g
Santurtan and the ceneral 2erlin area, outheastward on the 2ast

4
sida of the zone to the Paramo del Alinorzadero vnich forms the divi

s’ /
with Rio capyita-nic Cricarocha drainage.
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At anv aiven 2ltituds the hevneraturs z2banansg Tittle vith the
season., The rana2 indiurnal temperature varies only slightly from

cloucy to sunnv sgason. ﬁean'ﬁnnual temnapraturss at altitudes lowar

than Zucaramanga at 1770 meters ranae frorn 230 1o 27°%C. Tewreraturas
at Jucaramanga rance from N2, In the hieh ndrao,at altitudes
of ;233‘t0 3500 maters, mean—annual temparatures are 7°to 12°¢.

Painfall varias seascnally ard in total amount from nlace to
place. In the Zucaramanga area total annual rainfa1§ is atout‘l,ooo
to 1,500~mm- Tn tha canvon of o Chicarociia, annual rainfall is
about 500-1,000 mm. Only on the higher flanks of the range and in the
gsouthern part of the zone is annual rainfall about 1,500 to 2,000 mm.
The largest amount of rain throughout most of the zone falls in two
seasons with maxima in May and October. Little rain normally falls
during December, January, and February. -

The paramo is cloudy during most of the year. ‘Precipitation is
sometimes in the form of snow at elevations near 4,000 meters or
higher. Howéver, no records are available for this area. Sub-
freezing temperatures are not uncommon during the clear nights of the

-

dry season.
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Culture

Tucaraaanca vith a nonulation of arout 227,77 {19534) is tho

larcest city in th=

]

one ard is the conter for irdustryv, trade, and
transnrortation. “eaularly schoduiad airline service is availaiile
vith otner citiss of Zolom~ia and with some smaller touns in
Santandar ind orte de Santander. Tood roads connect ?ucéraﬂanna
vith thoté, the cities of the farihtean coast and with Venezuela
to the northeast. A FEranch lina of the Ferrocarriles lacional de
Colonbia connects Sucaramanca with the wmain jogotalto Saﬁta “arta
Tine in the llaadalera Yallev.

in Norte dé Santan;ier, Pamplonar, an educational center of
about 20,00 inhahitants. is the next laraest city in the nuthern
half of Zone III. ‘tumerous simller touns of  less than 7,770
inhabitants are scattered over the zone mainlv near 2ucararanca
and to the southeast in the urrer reaches of R;o Chicamocha and its
tributaries. “ost of the ponulation fs rural. The most thinly
nonulataed sector is the hiah Sgramo ahove 3200 meters and the zonz

of cloud forest kelow this, down to about 2707 moters. The bull of

“he norulation lives at altitues helov 55770 neters,
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Farmirn 35 anp j ~oritsnt occinciicn and peotatces and

onions are th2 nrinciral crors in e Yien narsco, sore

attonticn racantly b“eina ~jven to raisinn shecn. Sn the mountain
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stonas at forer 2levacions, fiowe "o rore, Gwine, and hags i1s qrowm,
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and at sliahtly tower oinuatinns, cofiva, Fruits and veoet
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many kinds for the local mar'et arc raise? at irterrediate and
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lover elavations throucrout the zonn, s rs Corn, vuca,

lecunes, and whcat., Pincapnle is cultivated in the -nlateay . |
country vest of "ucaramanaa and much is shirnad to other arnas.
Suzar cane is an irmrartant nroduct in tha riedinat sonth of

.

Sucaramanra and in th2 hroadar vallsovs at suitable Tow altitudes

elsavhere in the zon2. Tabacen is 2lco a major cror, and manufacturz

Jur)

of ciqarettes ans cirars is an iTrortant incdustrv, The Zairy

industry is scatterad in small farns and ranches throuchout the
zona, leef cattle are raisced chiefly in the lov2r =2levatinns,

particularly in tha niadmant of the Tacdalena Valley.
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cxposures

The slopes of the range vary from heavily wooded to cleared
with many small farms. The lower 1limit of forest is apparently
being driven upward as the expanding rural population clears land
for new farms at continually higher elevations. Cloud forest is
now largely limited to the less accessible areas above 2,500
This woéded zone betﬁeen the treeless paramo at about 3,100
and the cultivated lower slopes has been breached at many places,
usually in the areas of major roads. More forest remgjns ?E"Fhe
west slope of the range than on the east slope within Zone III, excep;
in the headwaters of R{S Cucutilla in northern H-13. Exposures are
noor in the forested areas and movement is extreme{y difficult,
Slopes are steep and streams are usually choked with vegetation.
Some streams have abundant outcrob, but others are filled with
rubble. Cascades and waterfalls are common in small streams and at
the headwaters of nearly all streams,making ascent difficult.

Deep weathering is characteristic, with the greatest depth of
weathering on hilltoos and snurs at elevations of 1500 to 2500
neters. This was particularly noticed along the Bucaramanga front.

Somewhat fresher rock is exposed on lower slopes along the front

near Bucaramanga where erosion is currently active,
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The canyon cf Rio Chicamocha and the drainage area arcund it lie
in a partial rain shadow and the climate is semi-arid. Here the
vegetation is sparse and xerophytic, the soil lass deep,and outcrops
somewhat more abundant. In part,of course, the relative abundance
of outcrop is the result of the deep dissection by the river. The
barrenness of much of the Chicamocha drainage area east and
southeast of Pescadero is due in part to high permeability of the
granular soil derived from granite. However, south of the
Chicamocha basin at higher elevations there is more rain,and the
forest cover increases. The extreme south part of the zone is
heavily wooded and exposures are poor.

The southeastern corner of the zone north and south of

. Malaga is relatively open with Tittle forest. This is

primarily farming country,and exposures and access are relatively
good. Local relief, hbweveg is as mugh as BOOO meter. .

The country above the tree line (about %100 meters) is
relatively open. Outcrops are fairly abundant,especially in the
more dissected parts and where glaciation has scoured off
weathered rock.

Alluvial fill of Pleistocene and !olocene age covers bedrock
in some of the larger valleys and basins, such as in the
Bucaramanga basin, in the Guaca area, and near Mogotes. However,
as most valleys are narrow with steep sides, such fi11 is not

generally a problem.
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~in open country, readily accessible except for some of the steeper

1 tributaries have cut canyons into this country with slopes covered

hot and Humid.

/
~on the slopes. Farms are mainly on the ridges. Rio Lebrija and its

e e S S T P e e e S T s

The area of mesas south of Bucaramanga offers cocd exposuraes

canyons walls of Rios Chicamocha, Suarei, and Sogameso and their
tributaries. The plateau country west of Bucaramanga is similarly
open, at least in the Lebrija area. However, farther north, west,and

northwest, the country is extensively covered with brush and forest

in part by forested 1and-slide debris. Exposures are good in
many of the gorges, but they are rather inaccessible. The
railway right-of-way provides access down the Lebrija gorge. Toward

the Magdalena Valley farms alternate with forest and the climate is
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Previcus Mork

The cold mining area of California and Yetas has been known
and worked since the 16th Century, and vas apparéntly viorked by
Indians in pre-Colombian times. 2n entertaining as well as schoisarly
summary of the literature on aold region in Santander prior to the
20th century has been made by Vicente Restrepo (1888, republished in
1937). Mention is made of the mines, but with little detail, by
Modesto Bargallo (1955) is his book on mines and mining_in Spanish

America during the Colonial epoch.

Pecent literature on economic deposits in the zone is not
particularly extensive. Many of the reports are general or summary

reports such as those by Singewald (1950) and Hokittel(]Qé?) in

which mineral localities were reported from a variety ot secondary

sources. Radelli (1961) in a theoretical paper attempted. to relate
the epochs of mineralization with magmatic deposits over the entire
Colombian Andes. '

Most of the studies are of individual mines or prospects,

investigated briefly, such as the report by Gilberto Botero R. (1945). A
few individual mines or nrospacts were investigated intensivejy.

The gold mining areca of California and VYetas has received by far the

most éftention (Wokittel, 1654; Nelson, 1955; Pagnacco, 1962; Arce,

1951; Bueno, 1955a, 1955b; Champetier de Ribés and Alvarez, 1961). Reports on
nonmetallic minerals in Santander have been made by Martinez (1962,

1964) on lime, gypsum, and barite deposits; and by Jimeno and Yepes

(1963) on gypsum deposits near Los Santos. A survey of phosphate

deposits of Colomhia by Cathcart and 7aabraro (1967), vith referance =
to the denosits within the man area has !'ocn rocently puhlished. Ry
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Relatively little work has been done on thz gen=zral geclogy of
the Santander massif. Until recently oniy ?aséing references nave
been made to the geolcgy of the nassif by tiettner
(1892), Stille (1907), Cuyster (1922}, Scheibe (1938), Oppenheim
(1914), and Trumpy (1943). These men either made brief tours or
described areas of the Eaﬁtern Cordillera primarily scuth of the
Santander massif. Hettner (1892, p. 15-30) gives an excellent
account of the early discoveries and scientific expeditions into
the Eastern Cordillera and describes briefly two profiies across
the area of the Santander massif. !ore recently Burgl (1959, 19¢€1,
1964) and Radelli (1961, 1962) have made observations on the
stratigraphy of the Eastern Cordillera including the Santander
region. Julivert (1958, 1959, 1967a, 1961b, 1963) is prcbably the
first to do any detailed geologic work in the massif. Some of his
work deals with the structure and crystalline rocks of the massif, .

particularly the area near Bucaramanga. This work is summarized in

“a recent regional synthesis (Julivert, 1970).

Probably the first map to show the geoiogy of the massif was
the 1944 Geologic Map of Colombia ccinpiled by the Servicio Geologico
Nacional at a scale of 1:2,000,500. A later revised edition of the
map compiled by H. Hubach and L. Radelli with the cooperation of

H. Burgl, was published at a scale of 1:1,500,000 in 1962. These

~Mmaps are, of course, very general.

i




Mapping of smalllareas near Rucaramang2 has hesn done by
faculty and students of the Universidad Industrial de Santander.
Recent maps at a scale of 1:50,000 chiefly of sedimentary rocks
have been made by Julivert, Barrero, and Mavas (1964) in the Mesa
de Los Santos area and by Tellez (1964) of the contiguous Mesa de
Barichara area to the south. !More recently, F. Cediel (1968) has
made a study of the Giron Formation at the type section along R{b
Lebrija and in adjacent areas. |

The areas of se@imentary’rocks in and flanking the Magdalena
Valley have been studied intansively by geologists of oil éompanies
holding concessions-in the region. Although not published, their
work has Leen incorpofatedﬂin the geologic mans of Colombia

(Servicio Gegloaico Macional, 1944, 1962).
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Present investigations

Inm ordér to provide a systematic and adeguate geclogic
background for evaluation of possihle mineral depssits encountered
in the zone,a program of regional qeoloﬁic mapping was established.
The mapping was done by geologists,each assigned individual
planchitas measuring 10 to 15 knp\ Base maps used in the. field and
for prfmary compilation were preliminary topographic maps at a
scale of 1:25,900, and  contour interval of 50 meters or 25 meters
published by the Instituto Geografico Agustin Cddazzi,'Bogotaﬂ
Field mapping was expedited by use of aerial photographs at a
scale of 1:60,000.

One ueoiogist, usuaily with an assistant, mapped a
planchita in from one to tﬁo, or Earely three months. The time
spent per planchita depended on access, relief, complexity of the
geo]ogx,and the_exnerience of the geologist. The field assistant
arranged for local guides, handling mules, clearing trail, trans-
porting sa%éies, and other tasks. Periods of field-work

lasted 20 to 30 days but at times lasted as long as 50 days.

A

28




7
3
‘
;
-
3
3
3

Traverses were made along trails and streams. Trails are

" abundant and provided rapid coverége. However, generally only

weathered rock can be seen and outcrops are few and generally
slumped. On the other hand, the soil and rock chips exposed and
churned up in the trails by the hooyes of horses and mules provide
a fairly continuous look at the lithology of underlying rock, if not
at the structure. |

Streams were variably useful. Some are so steep and filled with
brush, and cascades and waterfalls are so common, that the time
spent on such a stream Qid not justify the result of thé'~ traverse.
Some streams have abundant outcrops, but others are filled
with alluvium or colluvium. In some places adjacent streams show
quite opposite characteristics. The larger streams, excluding
the main rivers, at low altitudes were the easiest to traverse.

At low water these are more satisfactory than at high water,

: .
i when outcrops are covered and the swift current and large volume of

water prohibifed wadiné. In general, the smaller streams and the heads
of streams are too steep and forested to be of use in traverse.

Streams in the high paramo, where not filled with terrace or glacial

vdeposits, provide excellent exposures. The dissected paramo in the
;north part of the area offers good exposures, but steep gradiehts of

.Streams in the headwater areas and the jagged character of the ridges

make considerable scrambling necessary.




About 700 thin sections were made ;

the time oF petrographic tr

petrographic description was done by

prepared under contract by

be useful in outlining gené
versus sedimentary rocks an
faults and lineaments to be

particularly helpful within

aining to wake a study of them.
g

however, few geologists had

the technical advisors.

Photogeologic ﬁaps of the zone at a scale of 1:50,000 were

Geophoto Serviées, Inc. These proved to

ral distribution of igneous and

d in indicating the location of

metamorpnic

possible

checked in the field. They were not

areas of metamorphic rocks.




Localities of minerals ovr rocks ¢f possible econciz value
encountered during the mapping were noted and briefly checked
during mappirg. Detailed investigations and evaluations were made at
the completion of the mapping phase of the program. This work
usually consisted of detailed sketch mapping and sampling, and the
measurement of stratigraphic sections if warranted. Minerail
investigations on the California - and Vetas gold mining area were
carried out by a special team who worked continuously throughout the
duration of the nroject. Preliminary semi-quantitative geochemical
sampling was done in the California area and at two lead-zinc
prospects in the southern part of the zone. Mo geophysical work
was done although a geophysical advisor visited several of the
sites and offered reéommen&acions Yo drilling was done under the
Inventario pfogram,but a Japanese team carried out a small drilling
program at La Baja near California under a separate concession not
connected with the Inventario. Phosphate investigation was
initiated as a separate phase of the Inventario aftér the early
realization of the amount and significance of the phosnhate

resources in Colombia.



Definitions and usage

Rock Classifications.--

The classification of ianeous rocks used in this report is

that given by Compton (1962, P. 276, 254-255). Rocks present in

the map area with more than 10 percent quartz are:

tassium feldspar (including microperthite)

Granite - ratio of po
n 10 is greater than 2:1.

or albite to plagioclase> A

Aphanitic equivalent - rhyolite

Quartz monzonite - ratio of potassium feldspar to plagioclase >
An 10 or more calcic between 2.1 and 1:2. Aphanitic

equivalent dellenite (quartz latite)
Granodiorite - ratio of potassium feidspar 10 plagiociase

=An 10 between 1:2 and 1:7. Aphanitic equivalent -

dacite

otassium feldspar to plagioclase >An 10

Tonalite - ratio of p
jvalent dacite or andes1te

less than 1:7. Aphanitic eaqu
wing rocks with less than 10 percent quartz are

Only the follo

present in the map area:
eldsnar to plagioclase Jess than 1:7.

Diorite - ratio potassium f

Plagioclase 1is andesine. Anhanitic equiva1ent-andesite.

£ine-grained (diabase)

Basalt, diabase - fphanitic (basalt) to Tinm
ioclase ratio less

s with potassium feldspar to plagio

than 1:7. Plagioclase js labradorite or more calcic.

rock




Rock classifications are hased on visual estimatos cf modal
compositions in thin section. All estimates were by
R. Goldsmith. :
The use of ﬁetamorphic rock names follows Cemnton (1662, p. 298-'
302) with the addition of terms indicating the nature of the
original rock as deduced from relict primary structures, éexture,
and miﬁeral assemhlages where it is considered more descriptive; e.g.
meta sandstone, meta-wacke, meta-siltstone. Modifiers u§ed vith |
rock names are given in order of inc;easing abundance. For

brevity in some cases only significant minerals are used as

modifier in a rock name even though the amount of this componant
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of mineral assemblages that need not be repeated as modifiers, as
biotite gneigs and not biotite-quartz-feldspar aneiss.

Use of the terms lineation and foliation is standard and also
follows Compton (1962 , p. 305-307). 'Howéver because cbmpositiona]
layering can reflect relict bedding as well as metamorphic
differentiation or Lit—par-1it injection, we do not consider
compositional 1ayerin§ to be eauivalent to foliation unless a
preferred mineral orientation para11e1§ the layerirj. in most of
the rocks of high metamorphic grade, a nreferred mineral
orientation parallels layering. With emphasis on mineral orientation
as a criterion of foliation, the distinction between relict primary
Structures and superimposed metamornhic structures can he kept more
clearly in mind. Similarly with layering reroved as a criterion of

fO“at!On, foliation is useful as a measureable proverty of a nonlayered
rock with a nreferred mineral orientation such as a biotite granite gnein:
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Locations.--

Locations are referrcd to in the text in one of three ways,
depending mainly on the size of the location. Gereral lccations avre
given with reference to towns or prominent torbgvaphic feature that
can be readily located by reference to the geologic auadrangle maps
or to the index map, figure 2. Areas'or Tocalities that cannot be
indicated in this way are designated by the coordinates given on the
1:100,000 geologic map (plate 1) where the planchitas
are numberedlriZ along the 1éft margin and lettered a-hacross the
top. Thus, a locality might be referred to as plate 1A, b4-NE.

Where more precise locations are Telt to be necessary, referencej
is mada to the topographic maps at 1:25,000 scale of the Instituto
Geografico de Colombia Agustin Codazzi. These maps,
planchitas, are 10 kilometers no}th-south by 15 kilometers eést-
west and are partitioned by a grid into one-kilometer squares.

Coordinates of the grid from north to south are lettered from A

through J, and coordinates from west to east are numbered

1 through 15. Positions within a single saquare kilometer of the

grid can be further fixed by indicating the auadrant where it is

located, NM, NE, SY, or SE. Thus a location would be given as |
planchita 110 III-C, J-13 M. Planchitas can be located by |
referring to figure 2. Names of quebradas, fincas,and haciendas are |
used when accurately known, but experienca’ has shown that these are |

not always accurately located or named on the planchitas. :




PRE -DEVONTAN METAMORPHIG ROCKS

Bucaramanyga Cneiss

Definition.--The name Bucaramanga Gneiss is here introduced for

£

layered sequence of metasedimentary rocks of high metamorphic grade
consisting primarily of pelitic, semipelitic, and arenaceous
paragneiss and schist, and subordinate calcareous gneiss, marble,
hornblende gneiss, and amphibolite. The Bucaramanga Gneiss also
includes zones of migmatite of two types: one in which the paragneiss
is mixed wi.h gneissic granitic rock, and the other in which both

are cut by many small masses of non-foliated granite of much younger

* age. The type locality may be considered the mountain front just

east of the city of Bucaramanga. ,

Distribution.--The Bucaramanga Gneiss crops out in three belts in the

southern half of Zone III. The westernmost belt here named the
Bucaramanga belt lies east of the Butaramanga fault in the vicinity
of Bucaramanga. It extends northward with a wide mixed contact
zone into the Rio Megro batholith. To the northeast the belt is
overlain by the Tower grade metamorphic rocks of the Si]gara
Formation. The east side of the belt is bounded by the Santa

Bg}bara batholith. The belt tapers southward between the Bucaramanga
fault andthgt batholith to the Cepita area where it aopears west of
Fhe Bucaramanga fault. Further south, in I-13, the gneiss crops out

in thi".elongate roof-pendants shot through with dikes along the east

edge of the Mogotes batholith.
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The second belt of Jucaramanca Gneiss, here named the central
belt,extends from the Eerli; arca in northern H-13, north cavond the
map area, and from the California-Cachiri,area tb the Morro ievado
area west of Mutiscua. 7o the west the belt is overlain by Mesozoic
and Cretaceous sedimentary rocks. To the east and south it is over-
lain by the lower grade rocks of the Si]garg Formation. The belt is
separated in the Tona area from the Rucaramanqa belt to the southuest,
by younger intrusions, the overlyina sedimentary cover, orthogneiss
and by slightly lower arade rocks of the Sﬂgara’ Formation.
The third and smallest belt of the Bucaramanga Creiss,. here
called the eastern belt, trends north near the east edge of the
map area in quadrangle H-13 near Chitagg and south cf Pamé]ona. Here
the gneiss lies ip separate fault blocks.
Description.--The rock types in the. three bel.ts of Bucaramanga Gneiss
are more or less similar, ali:houéhm})»l:op;rt‘i;o;s?differ. Tt;e
gneiss in the Bucaramanga belt is well displayed along the Bucaramanga-
Pamplona highway and on the road from Bucaramanga to Surata{ The
gneiss consists of interlayered meta-pelites, semi-pelites, and
meta-arenites, with thin local layers of calc-silicate rocks and
marble. Hornblende gneiss and.amphibolite are subordinate and
restricted to zones near the calc-silicate horizons. Detailed
stratigraphy within the aneiss was not worked out. The scale of
layerina in the paragneiss varies widely, but gross compositional

layering is a few centimeters to a few meters thick.
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Layers of pelitic schist and gneiss alteraate with laye:rs of
reta-arenite, and breader zones either chierly peiitic or chi=fly
arenaceocus slternate with one anotker. The pelitic gnelss contains
si1limanite and cordlerite. The peta-arenites are acstly blotite-
feldspar-quartz gpnelss end minor bictitic quartzite with thin
micaceous partings containing si1limanite. Arenaceous zones con-
tain sparse thin layers of gray quartzite. A band of epidote-
amphibole rock in the £nelss east of Bucarsrapnga can be traced
gouthward to where it is truncated by the Bucaramanga fa;lt between
Bucaramanga and Piedecuesta. This band may coincide with a narrow
sone of diopside-bearing calc-silicate rocks and marble exposed on
the ridge between R{B Suraté and Tone. Layers'of emphibvolite and
calc-gilicate rock also crop out to the north along the slopes on
the west side of the be Suraté. Marble was seen at one rlace near
Jaboncillo about on the_northward-projection of the epidote amphibole
rock. The amphibolite and calc-silicéte rocks may be a good marker
horizon, but they were not systematicelly traced during Inventario

mapping.
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Migratite zones containing parsgnelss mixed with auzsn gnelss
and granitic gneiss (pDom) are chundant in the Bucarmmounsa Gneles
adjacent to the La Corcova pluton, but these rocks are deeply
weathered. Lit-par-llt gneilss and nonﬁappable zones of auzen gneiss
in paragneiss are exposed on the road frem Los Curos to Guaca
befween the La Corcova pluton end the Santa Birbars batholith.
Lit-par;lit migrmatitic gneiss of rmeta-arenite affinity can be seen
in good exposures at the Juncticn of Rfo Tcna and Surata. Ortho-
gneiss zones are less abundant north of Bucaramanga. Granitoid
leyers in the lit-par-lit gneiss are bilotite augen gnéiss or gray
to light-gray, fine- to medium-grained biotite quartz monzonite
gneiss, Zcues wﬁe:e dikes in whkicin smasll masses of La Corcova
quartz monzeonite or granod;or;te.a;g abundent are shown by an over-

print pattern on the map (plate 1lA).
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The centiral teldt of Bucmramanga Grelss in the Beriin-Californla-
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Cachiri =rea ccntains sirvalar roczs and is much bhetier exposed.

3 Good, easily accessible, exposures are on the road from Berlin to

2 Vetas and on the adjacent pé%amo. Excellent, but rather inaccessible,
- exposures sre present over much of the high country north of Vetas

6 and east of Cachir{, East of Cachir{; exposures were sufficlently
i good to shoz?zzenaceous gneiss, pelitic grelss, and hormblendic :
s gnelss, respectively, predominate in successive zones from west to

: east. Westerly dips pfedomingte, suggesting that, i1f the section is
20-! not overturned, the hornblende gneiss is stratigraphically the

u lowest rock type. However, pelitic gneiss reappears on the east

"2 side of the belt, near the orthogneiss. Possibly the scguence is
folded. Distribution of the rock types to the south in the

California and Vetas aress is much less straightforwvard. ° ‘
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Rock types in the central belt are similar to those in the
Bucaramanga belt, except that more horhb]endic gnéiss is présent,
commonly in thin layers iﬁtercalated with layers of other composition.
Quartzite, bidtite-fe1dspar—quartz gneiss, biotite-quartz-feldspar
gneiss, sillimanite-biotite-quartz-feldspar gneiss with and without
muscorite cordierite-sillimanite-quartz-feldspar gneiss with and
without muscovite, hornblende-biotite-quartz-plagioclase gneiss,
hornblende-quartz-nlagioclase gneiss, amphibolite, and granitoid
layers of different compositions are the predominant rocks. Some
of the layers with sillimanite and biotite are schistose. ;

The central belt contains many discrete masses of orthogneiss |
as well as extensive areas of migmatite in which the granitic portion
is orthogneiss.‘ Most of the hornblende gneiss is spatially related
to the migmatite. If the hornblende gneiss is a stratigraphically |
lower unit of this part of the bet: as was suggested above, migmatite
in the central belt may be restricted to the oldest and lowest rocks
of the belt.

The trend of the gneiss is mostly north-northwest, but on the
east side of the belt, north from Vetas, the trend is northeast,

To the east the gneiss is overlain by lower qrade metasedimentary

. ’
rocks assigred to the Silnara Formation.
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In the eastern belt, the roc%s are tess well exposad and seem to
be more limited in composition  East of C}ﬁtaga(Ath': deminant rock
type. is layered cordierite-sillimanite-tiotite-quartz-feldspar
gneiss, auch injected by muscovi te pegmatite presumably
related to the Durania granite, and hy 1ight~§;ay granite that
resembles the La Corcova quartz monzonite. !lo orthogneiss was
observe&. Some amphibolite was noted north of Chitaga on the road
to Pamplona. Coarsely crystalline marble crops out on the Chitaga-
Cacota road 3 km southeast of Cacota, planchita i]O IV. A, G-11 KM,
The belt west of Pamplona passes northward into highly sheared
orthogneiss and minor paragneiss. The gnaiss dips toward and

presumably under the

-

i1gar§'Format101
in the Morro !eqro area. However, the Durania granite intervenes
between the two units. |

Migmatitic gneiss contains granitic material in lit-par-
lit fashion, or irregular lenses. In places only remnants of |
paragneiss are preserved as dark seams or lenses rich in biotite
and aluminum silicates in otherwrise light-colored quartz-feldspar
fock. Texture of the granitic material ranges from eguiaranular, or
inequigranular, to pegmatitic, commonly within one exposure.
Granitic layers range from augen gneiss to light-gray aplitic gneiss
and weakly foliated equigranular to inecuigranular granitic gneiss.

; Generally the layers and foliation in these rocks are folded in

Plastic fashion,



Scme of the granitic material 1s clearly introduced,
particularly that resembling pheses of the lerger massss of
orthogneiss and that which has relatively sharp end discordant
contacts. Other material could be locally derived or be in lsrge
part recrystallized and possibly mobilized within the P&ragnel°5

of chem1ca1 composition orlglnally close to that of

granite. Some of the gneiss, particularly the impure meta-érenites
and semipelites, have a proncunced granitoid texture although the
layered sedimentary chaiacter of the rock is obviocus. These rocks
have a migmatitic aspect where strongly folded and recrystaliized.

Some hornblende gneiss with appreciable feldspar also has a

. migmatitic aprearance.-

The bulk of the granitic material in the migratitic gneiss
appears to be introduced rather than derived through the simple

recrystallization of the parent rock, primarily because of

i
i
!
l

disproportlonate volume relationship. ~Much more granltlc material is

Presenf fhan could have been supplied by the parent rock alone.
Large but not mappable zones of granitic gnelss (orthogneiss) in
the Bucaramanga Qneiss ere cormon in scme areas, such as the
higmatitic zones flanking the La Corcova quartz monzonite in the
 Bucaramange belt in H-12.
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A different type orf migmatite is formed where the Eucaorumanga

Gneiss is cut by nonfolisted granite or by quartz-monzonite,
Tais type of rigmatite
occupies a zone east of La Corcova south through Sevilla and north

toward the RiB-Su:até. A similar migmatite constitutes the gnelss

norfh and northeast of California. "

.
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The Bucaramanza Gneiss is clearly derived primarily Iron

|
|

sedimentary rocks. Quartzite, and quartzite-rich gneiss represent meta-

e

arenites, most of which appear to have been subgraywackes containing

appreciable detrital feldspar and mica. Biotite—quartz-feldspar

greisses, with or wvithout muscovite and sillimanite, are semipelitic-‘

Quartz-blotite-feldspar gneiss and blotite-cordierite-quartz-
feldspax; gneiss, and blotite cordierite-feldspar gquartz gnelss with
a high content .of quartz are transitional in composition from wackes
to pelites represented by biotite-sillimanite-cordierite gneisé and
biotite-niuscovite-sillimanite quartz feldspar gneiss. ' Prograde |
muscovite may or may not te present, depending on grude of
metamorphism, However, secondary muscovite after aluminum silicates
- 1s fairly abundant. Feldspar is pomally plagioclase, but some
orthoclase is present in some sillimanite-bearing rocks, cordierite-
bearing rocks without muscovite, and in granite leyers in migmatitic

gneiss. Some of the hornblendic gneiss and amphibolite contain

|

t
1

'
!
¥
E

qQuartz and biotite in varying smounts. These are probably paragneiss;;

: Other hornblende-gneiss poor in quartz may be of igneous origin.

i Calc-silicate gneiss apd marble are very subordinate. The epidotew

amphibole layers, because of their paucity of sodium and associaticn

with diopside-bearing layers and marble, were probably derived frem

calcareous strata.
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Age and stratiarachic relations.--The Bucaramanga ‘Gneiss |

for all the igneous and meta-igneous rocks recognized in Zone iii and;
appears at least in part to underlie the

Silgard Formation. It is thus all or in part th%
oldest rock unit in the zone. A whole rock-sample of biotite gneiss
(see IMN-13199, table 1) from a cut on the road from Berlin to Vetas

7 -
gave a Rb/Sr whole-rock age

» |
of 680 + 140 m.y. This sample has a considerable margin of errcr andé

could be as young as Cambrian. On the other hand, a much older age
- - S 4

might be marked by subsequent events. Hornblende frem

a sample of hornblende gneiss taken near Ocana from Bucaramanga gneiss
west of the Bucaramanga fault gave a potassium-argon age of 945 + 40 !
m.y. (IMN-12263, table 2). This age is clearly Precambrian. Tschanz .

(written commun., 1968) reports a date of 940 + 34 m.y. on a horn-

blende granulite from the west side of the Sierra Nevada de Santa
Marta. Other Precambrian ages from the Sierra Nevada and western
Venezuela, however, are around 1,300 m.y. Precambrian granites in

the
Guaviare region of the eastern 1lanos of Colombia give ages of about

1,205 m.y. (Pinson and others, 1962). Most radiometric ages from
the Guyara Shield of eastern Venezuela and Guyana according to
Tschanz, however, are older and range from 1,570 to 2,100 m.y.,

being'chiefly,in the 1,800-2,100 m.y. range.

R e
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j The Cucaramanga sneiss may reflectacycle of Precambrian orogeny,

tentatively placed around 940-945 m.v. that is youncer than orogenies
;recorded to the narth and east.

The contact of the Bucaramanga gneiss with the overlying

QESilgaré Formation could not be determined with certainty.
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Correlstion.--The Bucaramenza Gnelss probably corresponds to the

"pbasement" of Hea end Whitman (1S00, p. 354) end the Perije Serles of
Sutton (1946) in the western Serrania de Perija, State of Zwda,
Venezuela. The description of the Iglesias Series (Kundig, 1938) and
the Santo Domingo Gneiss in the Merida Andes by Sutton (1946)
resenmble that of the Bucaramanga Gneiss:
Formation in the Merida Andes (Bass and Shagam, 1960) is also equiv-
alent, but a definitive description of this unit is not available.
Radiometric date from the Sierra Nevade Formation (Bass and Shegem,

1960, p. 381) indicate that the age of the Sierra Nevade could be

Ezarly Paleozoic.

Possibly the Sierra Nevada

I

The basement. in the Serranis de le Macarens cast of the

Cordillera Oriental and the related Garzon massif in the Cordillera
COrientel in central Colombia are probably Precambrian (Gansser{ 1954).
Other Precambrian rocks of dated equivalent age are in the

Sierre Nevada de Santa Marta (Tschanz and Cruz, written commm.,1968)..
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_Silgara Formation

¢ . -
Definition.--The Silgara Formation is a sequence of typicalll
thin and cyclincally bedded metamorphosed clastic rocks consisting of

slate, phyllite, meta-siltstone, impure metasandstone, metawacke cnd

metawacke.grit with minor amounts of calcareous slate and phyllice.

The formation is here named after Quebrada Silgard{in northeasterz
quadrangle H-12 south of ng Cachiri’where much of the formation
is well exposed across a 15 ki}ometer-wide belt. Even thgugh the
base of the Silgara’has not been established with certainty, the

, :
Silgara Formation appears to overlie the Bucaramanga gneiss.

L4
Distribution. --The most extensive exposures of the Silgara Fermatlion

. {
are in a rather inaccgssible belt extending from south of

Matanzas in quadrangle H-12 northward beyond the limits of the
quadrangle northwest of Cachiri. This belt includes the type area
of the formation. Many of the rocks can be seen along a trail

7/ vy Vd
paraliel to and south of the Rio Cachiri from Cachiri westward to

the Rio Megro batholith.

A second extensive but narrower belt of the Silgard 1ies west
of the Bucaramanga fault from near Piedecuesta south to Aratoca? in
H-12, 1-12 and I-13. These rocks are relatively well exposad aleng
the Bucaraﬁanga-ﬁan Gi1 highway south of Pescadero and along part

of the road leading from Los Curos to Los Santos.
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.the east. Further south, where in contact with the Bucaramanga

- belt .

Another extensive area of the Silgard Formation, partielly
wrapping around orthogneiss and Bueafamanga Gnelss, extends from
t gouth of Berliﬁ'no thward through the Silos-Berlid area through
Mut{;cua to beyond the limits of the geologic maps, The Silgars” .
crops out sgain to the east in fault slices in a bLelt northwest, west,|
and southwest of Pamplora where it is inveded by orthogneiss and
Durenia granite. .

Isolated exposures of Silgard Formation crop out to the south

in I-12 and I-13 between the Mogotes betholith and the overlying

The Silgara’ Formation also crops out below the Floresta Formation
east of the Bucaramanga fault from Coverachia to the San Andres area
. [4
(1-13, H-IB) and northward to the Berlin area in H.13
-

Thickuess.--The thickness of the Silgard Formation cannot be

determined in the type area. The section is inccmplete because this

belt is bounded by the Rio Negro batholith to the west and by the

unconformably overlying Girdn Formation or by the Sursta fault to

Gneiss, much of the section has been cut off by the Surata fault

on the east. In outcrops along Quebreda Silgard and quebradas to the

east across the l15-kilometer wide belt in the type area, the steep

foliation i{s in zones that alternately dip east and west, a relation-
ship which suggests apprecisble folding. The foliation is probably,
in part, an axial plane foliation of slaty cleavage and may not
represent the attitudes of bedding. Stratigraephlc thickness may,

therefore, be much less than the 15-kilometer outcrop width of the i
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Devonian end Mesozolc sedimentary rocks as far south as the Mogotes ar?a-
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An incomplate stratigrashic sec or/measured along the

Bucaramanga-San Gil highiay betveen Pescadero and Aratoca (fiq. 3).

The section is cut off at the north ehd by the Pescadero granite and

at the south end the Si]gari is much faulted and obscured by

unconformab\y_overlying Hesozoic sedimentary rocks. The section dips

generally southward, but is much folced. Nevertheless, making

allowance for obgerved faults and folds, the approximate thickness of

the faulted and folded section from Pescadero to the Mesa de San

Pedro area is 3,700 meters. South of the Mesa de San Pedro area about

700 meters of section is lndlcated but it is not certain how this
correlates with the northern nart of the section. It is possible
that rocks of the Floresta Formation of Devonian age are present
in the upper part of the section near Aratoca.

Other sections of the Silgaré Formation are either more
fragmentary or less carefully manped than the Quebrada Si]garf or

Pescadero-Aratoca sections.
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_ Quebrada Sileara’
In the Quebrada Silgard area the rocks are dark

green, greenish gray, and aray slate, phyilileo, metasiltstone, firne-
grained auartzite, and brown to aray meta-wacke. All are within the
greenschist facies of reacional metamorpnism Redding is typically
Taminar to thin and is cyclic, particularly in the fine-arained

rocks. In some quartzite, for examnle, dark laminae are about 0.5

mn thiék and the alternafinq gray silicious layers are 2 to 3 mm

thick. Metawacke beds are thicker, but rarely exceed a m°ter,

a sequence of metawacke beds with nhyllxtxc partings may be col]ect1ve]y
much thicker. Graded bedding is common in metawacke and the bases of

beds are conglomeratic.

i

Phyllites fn the Nuebrada Silgara area are tynically auartzitic.
In order of increasing atundance they are composed of chlerite,
sericite, and quértz. in the metasiltstone and phyllitic
metasiltstone, auartz generally exceeds 50 percent plagioclase

is about 5 to 10 percent and the remainder is muscovite and chlorite,

with muscov1te being five to ten times more abundant than chlorite. . The

more

/ pelitic rocks contain about 25 percent quartz, and about 75 percent

mqscovite and chiorite with some tiotite. Muscovite anain is

normally much more abundant than chlorite. Gramhitic nhytlite is
compesed of quartz and muscovite, traces'of chlarite,and evenly
distributed fine-grained araphite. Some phyllite contains small
porphyroblasts of chlorite and maanetite. The magnetite DoOrnhyrchlasts
are relatively abundant in chlorite-poor and chlorite-free quartz-

muscovite phyllite.
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Some greenish-aray nhyllite contains laminae of calcite, but no

distinct Timestone or marble beds vere observed in this arsa. Dark
gray to black ararhitic slate with pyrite is present in some places, and
white to light-greenish-gray quartz-sericite nhvilite ~in
others. Some white sericite-aquartz rhyllitic metasiltstone shows
Tittle apnarent metamorphism in outcron, but the metamornhic
fabric %s clear in thin section.

Dark laminae in thinly laminated quartzite are rich in serciTe,
chlorite,magnetite, and biotite. Heavy-mineral suites in quéfgéite,
metasandstone and' metasiltstone consist of tourmaline, apatite,

sphene, zircon, allanite (rare), and rutile. Tourmaline and zircon

are the most abundant. Rlue-green tourmaline i

"
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c:aracterist
the Silgard Formation in all belts.

In the meta-wacke, clasts of-quartz as granules and pebples
usually exceed 50 percent of the rock. Clasts of plagioclase and
potassium feldspar also form an appreciable component. Biotite,
chlorite, and muscovite occur in the matrix and in nart may be
detrital. Metasiltstones and fine-arained meta-sandstones cqatain
small clasts of white potassium feldsnar as well as bluish-grayv
quartz pebbles. Some chloritic meta-siltstones contain no muscovite;
their composition is approximately 50 nercent cuartz, 10 nercent chlorite,
35 percent fe?dspar;and small amounts of opaque minerals. Metawacke
beds make up about 10 peréent of the section in the Ouetrada

Silgara’ area.



The grade of metamorphism in the Silgaré’belt increases to the
south. The meta-arenite beds show little change with this increase cf
metamorphism, but the more pelitic beds are changed to porphyroblastic

phyllite and schist. Porphyroblasts in the phyllite are andalusite and
i

..Fordierite and sillimanite, as fibrolite, is present near the contact of
i

i ’ .
the Bucaramanga Gneiss. East of the Rio Surata the schists are coarse-
|
b ' . . .

ﬁrazned and not porphyroblastic. No staurolite was observed in the

n

§ilgaré'belt and traces of garnet occur only in the southern part. A

i -
layer of marble about 2 meters thick below a thick section of meta-

sandstone was observed in the area southwest of Matanzas.
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East of the Suratd-atznnzs fault scuth of !'atanzas is z thick
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section of interteddied metavacke and zoorse-srained bio

. schist locally injected by orthogneiss. “hese rocks may be near the

base of the Silgard sec*tion. lhey are well exposed along the rcad

from Bucaramanga to Surata” 10 to 12 kilcmeters south of Matanzas, where
. 'd ~

the road is east of the Rio Surata.

.

Piedecuesta-sratoca belt.~~'he rocks in the Piedecuesta-Aratoca

' belt are similar to those in the Quebrada Silgara except that metavacke

beds are absent. The mefamorphism in this belt ranges from greenschist
facies to lower amphibolite facies (staurolite grade). Garnet and |
staurolite are relatively common, in ccntrast to their absence in the
Silgaré’belt i suggesting different conditions of
metamorphism between the two areas. The grade of metamorphism of

the Piedecuesta-Aratoca belt appears to be lowest near Aratoca.
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*Lﬁdnor finc-grained, thin-bedded to laminar-bedded mete-zend

The stratigraphic section elong tae road from Pescadero to

Aratoca mentioned earlier is illustrative of much of the rock in thils|

belt (fig. 3). The lower part of the section ( see fig., 3 ) is

primarily thin-bedded to lamineted greernlish-gray to brownish-gray

guartzite with minor quartz mica schist. These rocks are intruded by;

many dikes of Pescaderc Granite. The upper part of these beds con-
tains a zone of metaporphyry. Further south, the section is more
pelitic. The rocks are chiefly quartz-mica schist with some garnet
and staurolite. Minor beds of grg?n t0 black amphi?ole-schist ard

chlorite schist are present near B'. The

amphibole schist conslsts of about TO percent tremolitic hormblerde

and 25 percent saussuritized plagioclase, with mincr bictite, epidcts,.

»

end apatite. Section B-B' continues the sectiocn up and back towsrd
the north. Here the rocks are strétigraphically above those 1p
section A-A'. In section B'=-B the rocks are chiefly interbedded mica
8chist and meta-sandstone that become more muscovitic and quartzose ‘
tovard B and the start of section C-C' at the next major curve in the
road. 1In the lover part of the section B-B' are thin beds of

"pseudo diorite" a porphyroblastic hornblende-bearing rock represent-
ing metamorphosed argillaceous calcareous beds. At the start of
Section C-C', and continuing for sbout a kilcmeter along the reoad,
8re abundant beds of clean white quartzite and silvery nuscovite
Schist,

Stratigraphically above these rocks is a monotonous section

of greenish-gray silty-phyllite and phyllitic meta-siltstone and

stone

—
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exhibiting - cross -bedding,sraded bedding, and intraformational breccles

and elimp structures o & fine scale. These rocks continue %0 the
aren of Mesa de San Pedro. The upper part of the secticn, from the
Mese de Ssn Fedro area to the south,is iess clear because of folds
and faults. Black graphitic phyllite neer Mesa de
San Pedro is apparently bounded by faults. Near Aratoca, the grade
of metambrphism i3 less than elsewhere along the section but rocks
are similar to thosé to the north except for the presence of light-
tan sandstone and a fine-grained conglomerate that crop out on the
road faciﬁg Aratoca. The sandstone ﬁay belong to the Floresta

Formation.
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A dar%-aray, schistose rock (metaporpivrv in section A-A')
with fairly uniform, aucen-like feldspar meocacrvsts up to 3 mm
Tong is a meta -trachyandesite (?) normhyry consistina of plagioclase
in clusters and individual megacrysts, rare hornblende mecacrysts,
and a grourdmass of fine-grained biotite and p]aéioclase ahd
accessory apatite, enidote, allanite, and rutile. A somewhat
similar but cdarser-qrained rock is present in the Silgard south of

Matanzas (109-1V-D, A-3, ¥M).

. '3 .
The Silgara Formation observed west of Pescadero and to the north

is similar to the section along the Pescadero-to Aratoca highway
described above. . Silvery aarnet=staurolite schist underlies the
Mesozoié rocks caoning the Mesa de Los Santos. Thin meta-wacke beds
were noted near the contact with the Pescadero Granite on the road
from Los Curos to Mesa de Los Santos.

Rocks of the Piedecuesta-Aratoca belt in 1-12 and I-13
and southward to the Mogotes area they are‘simiiar-to those described
above, ilear Moaotes metawacke beds are again oresent as in the
Silgara Belt. East of i'oqotes tc:ard Onzaca, the grade of ‘
metamorphism s again-lower and the rocks are not clearly distinauishable
from the overlyina Floresta Formation which is slightly metamorphosed

in this area. It is possible that part of the area mapred as

Silgaré Formation has been confused with the Floresta Formation.



In eastern I-i3 near Covarachia, greenish-oray phvliitz teneath
the Floresta Formation is interlayered with orthoaneiss ~ut is too
thin to show on the man. Farther north, near San Andres and Guaca,
the Silgaré is of medium metamorphic arade and is more readily
distinauished from the overlying Floresta Formation of Tow
metamorphic grade.

Pamnlona -Chitaga belt,- - The Silaara Formation in this belt

consists largely of mica schist with lesser interbedded meta-
sandstoneAand me tawacke. The rocks are of middlé to high metamorphic
grade and resemb]e'the Silgara Formation in the area south of
Matanzas. The Silgard Formation at Morro Megro appears to overlie
the Bucaramanga Gneiss to the east in the Cacota area, aithough the
rocks are separated by the intérvening Durania granite and
orthogneiss.’ |

East of Chitaga, in nlanchitas 110-1V-C and 121-II-A,layered
cordierite-si1liman§te gneiss of the Bucaramanaa gneiss is overlain
by sillimanite-bearing schist and minor meta-éuartzige. An interval

of micaceous _ quartzite at the hase of the schist

forms a distinct scarp. This
‘quartzite may be the base of the Silaard Formation, and has hbeen
mapped as such in this nart of Nuadranale H-13. The same sequence
of schist- quartzite-cordierite-bearing gneiss also was observed

north of Berlih,south of Volcan Amarillo, 110-II1-A, G-11 S¥.
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Berlin-Silos-Mutiscua Area,-~ The Silgara’ Formation in the Beriin

Silos-Mutiscua area resembles the Pescadero-fratoca section aicept
for the presence of carbonate beds hut apnears io be a different
part of the formation than that to the east in the Pamnlona belt.
The rocks are quartzite and lesser associated cuartz-nrebble
conglomerate, silvery to light-oray auartz muscovite schist with A

gernet, staurolite, or sillimanite(depending on the grade of meia-

morphisis), gray garnet biotite-muscovite schist, and minor calc- jlf
silicate beds, dark-gray marble, and white to 1ight-gray to pink and :

green layered marble.
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In the Mutiscua area, the Silgara anpears to 1ie in a north-
plunging syncline vhose east 1im» has btzan truncated close to the
axial plane by a fault along the valley. iestward from Mutiscua

one passes apparently down section in the west 1imb From interlayered

white, gray, and buff marble and auartz mica schist through a thick

section of micaschist into fairly pure quartzite and quartz pebb]é
metaconglomerate. In some places mica’schist appéérs to underlie
the quartzite, possibly disconformablv, but this could not be
proven in the field. The quartzite or the underlying mica échist
generally lies on orthogneiss;a relationshin observed in many
traverses‘in the Ber}{;-Si]os—Mutiscua area, This contact bounds
on the east most of the mass of orthogneiss that extends from R0

Caraba northward, foliows the northern nose of this mass, and

appears again on the north side of the wedge of orthogneiss southeast

of Morro !levado. From the cvi-donce 0f a few tpavarses, it seamq
likely that the quartzfte is present ‘arcund the south and east side
of the large mass of orthogneiss northeast of Horro flevado as well.
Quartzite andmetaconglomerate at sillimanite grade of metamorphism
crop out on the west and north sides of the R{o Caraba mass of
orthogneiss in the Rio Caraba area. These rocks are exposed on the

Bucaramanga-Pamplona highway north of the Rio Caraba.
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Quarteite and quartz-pébble congleormerate are al=so present on
Loma Palencia south of Berliz{. Unfortunstely, the Santsa Berbars
batholith nearly enclcses these outcrops so their spatial
relationsktip to the orthogneiss in this ares cannot be confirnmed.
Schist along the highway to Pamplonsa, east of Berlin, contoins beds
of white quartzite, and quartzite crops out along the scouthern edge
of the drthogneiss northeast of Berliz{. Infolds of apparently ths
same quartzite are present within the orthogneiss immediately to the
north. Similar quartzite crops out in the Vetas-éalifomia. area
still farther north. However, no quartzite or metaconglomerate
was observed near the contact of the Silgarzf with the orthogneiss
in Rio Carabe west of Silos, or along the scuth side of the R

Caraba mass, ——— —-

14}
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Careful mapping and walking out heds wherever possible would
probably reveal the stratigraphic sianiTicance ¢of this guartzite
and .mé;acong]omerate. It was thought at one time during the
mapping that the aquartzite and metaconglomerate and the underlying
schist represented the base of a sedimantary sequence younger than
the orthogneiss. However, it was found that these rocks Qére not
always‘present near the orthogneiss and furthermore that in places
the orthogneiss was intrusive into @étasediments of whiph the
quartzite seemed to beva part, However, orthogneiss of two
different ages may be present.

The quartzite and metaconglomerate may mark the base ¢f the
Si1gard’F6rmation. The schist and the gneisskbe1aw, with perhans
older quartzites, may all belong to the Bucaramanaga rneiss. However;
in the Si]ga}é belt and the area south of Matanzas, no quartzite or
meta-conglomerate equivalent to the quartzite and meta-conglomerate
of the Silos-Mutiscua area was observed. ‘Uhite quartzfte in the
Pescadero-Aratoca section appears to lie well within the Silgard

Formation.
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South of 32riin in quadrangle H-13 the sequence 15 somewnat

similar to that at lusticua. West of fossiliferous marble and barren
quartzite of the Floresta Formation a thick sequence of gray-qreen

- silty phyllite passes westward into light-gray to silvery white

. E muscovite-quartz schist and interbedded quartzite. Toward the con-
tact with the orthogneiss near Alto E1 Purgatorio are black graphitic
garnetiferous phyllites, with, in the lower part, thin-bedded inter-

. bedded marble and quartzite observed only in float blocks. The con-
tact with the orthogneiss is not exposed. Lineation in the underlying
orthogneiss and fold axes in the phyllite have similar attitudes

~ suggesting probable synchronous deformation. The top of the Si]garé’

- Formation here haé been drawn somewhat arbitrarily to the west of the
fossiliferous marble and the associated quartzite. |

Relationship of the Si]garé’Fofmation to the Bucaramanca cneiss.--

<

A difference in gross lithology exists between the Si]garé Formation

and the Bucaramanga Gneiss. The Silgard Formation tends to be more
quartzitic and thin=bedded to laminated,with abundant quartz-rich

silty phyllite, and biotite-poor quartz muscovite phyliite, and schist

‘ particularly in the upper part. The Bucaramanga Gneiss, on the other
hand, is thicker bedded and contains biotite-rich and hornblende rocks.
Even so, considerable similarity in rock types exists between the two

| formations ,particularly in what may Je the lower part of the Silgaréﬁ

. and no consistent distinctive horizon indicating a stratigraphic break
useful in mapping was found to mark the boundary between the two

~_formations.



Structural attitudes suggest that the Silgard'Formation cuerlies
the Bucaramanga Cneiss but are not everywhere clear and more detailed
mapping 18 probably needed in these areas. FoT exampie, in ¢he Pauiil
district, in quadrangle u-12, 3-4, north of Bucarananyd, metawackes of
the Silgara’can be followed along striké into the 3ucaramangad Gneiss
with no discernable break. East of Mutiscua, quartzite and schist,
possibly near the base cf the Silgarai'seem to trace to the west into
highly me tamorphosed paragneiss of the Bucaramang2 Grneiss. Quartzite
and meta-pelite flank orthogneiss in the Quebrada Los galados-Que-
brada Grande a?ea, quadrangle H-13. However, this may be coincidence,
for the rocks east and above the quartzite appear to be a different
sequerice of rocks from those west of the quartzite. For example,
marble layers present to the east were not observed to the west.

The contact as drawn coincides rather closely with the sillimanite
isograd.. Sequences of thin-beddéd rocks containing appreciable
quartzite and quartzitic metasiltstones 3are assigned to the Silgara'
Formation and sequences of thicker -bedded metapelites and meta-
arenites are assigned to the Bucaramanga Cneiss. The former are
typically at low to medium grade and the latter are typically at
high grade.

Some of the medium-grade me tas>andstones and schists mapped
as part of the lower part of the Silgaraﬁ as for example south of
Matanzas, are thicker bedded and lithologically similar to some high-

grade paragneisses in the Bucaramanga Gneiss. These rocks may be

: . . / :
Bucaramanga Gneilss and the boundary between the Silgara Formation and

+ 6b




Bucaramanga Gneiss may lie at a high horizon. It is also possible

that thé Bucaramanga Gneiss represents the lower and mere metamorphosed
part of a single sedimentary series of which the Silgara’Formation is
the upper and less metamorphosed part. The pattern of isograds would
support this interpretation. However, in most places where the
Bucaramanga Gneiss and the Silgara’Form&tion are separated from

one ancther by igneous intrusion or faglts, the two units generally

can be distinguished on the basis of bedding characteristics.

Aée and correlation.--Mear Floresta, in the Department of Bovaca

south of the map area, at the southern tiy cf the Santander mas;if, in
the type area of the Floresta Formation, unmetamorphosed Floresta
Formation containina fossils of Middﬁe Devonian age restsunconformably
~ upon metasedimentary rocks similar to the Silaard Formation.
Similar re!atichhips have been obse%ved in the ilocotes area and

near Covarachia. The Silgard Formation is certainly pre-Middle
Devonian, and a period of»regional metamorphism, uplift, and erosion
must have occurred between the time of déposition of the Silaard

and the deposition of the Floresta. Orthoaneiss whose minimum age
based on radiometric dates is Ordovician (table 1) intrudes the lower
part of the Silgard Formation, indicating that the Silgard is no
younger than Qrdovicjan. Eecause of the uncertain stratigraohic

in some places to the underlying Bucaramanga Gneiss, it

cannot be unequivocally said that all the Silgard as wmaoped is younaer
than the Bucaramanga fneiss. Radiometrié dates on the Bucaramanaa
Gneiss are Precambrian. The Silgard Formation is tentatively placed

in the lower Paleozoic and is probably Ordovician or Cambrian age.

~ Py
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The Silgarad Formation has been observed in several places north
of the map area. It crops out west of Durania,
apparent\y continuous with the Silgaré Formation northvest of Pamplona
in H-13, and in a belt-on the west side of the Aguablanca batholith
" from north of the road from Sardinata to Jcara between the batholith
and A\to E] Pozo (86 II D, H-13 ) south to the Villa Caro area.
silgara Formatwon crons out at s\1nht\v hiqher, grade in a belt frther
west alono the same road in the Rwo Tarra ared east of Abrego. The
Si\garé Formation in the Nuebrada silgara belt near Cach1r1 continues
northward bevond the limits of the map ared at least as far north as
Cachird in quadrangle ¢-12. Slates possibly helonaing to the Silnara
Formation were observed east of the Rucaramanca fault near Guamalite,
quadrangle F-12.
The Si\qara Formation is possxb]y the‘equivalent of the Giiejar
Group of the Serrania de 1a Hlacarend as described by Trumpy (1943)
The description of the rocks of the Guejar Croup as thin-bedded ouart-
zite, sandstone and micaceous locally phv\litic shales, somevthat
reserbles the descrintion of the silaara Formation. Hoviever, the
Guéjar Group 1s unwotamorpnosed to only sliahtly metamorphosed and the
section is thin. Hubach (1937 n. 162) cites thicknesses of 150 to 160
meters on the east gide of the tacarena, but says that forther to the

west 2000 meters of Guéjar is oresent. The Guéjar Groud contains

fossils of Late Cambrian and Ordovician ane.



The Silgara Formation is possibly also equivalent to the Duetame
Group cropping out in the area east of Bogotd. Tre Ouetame, &s
~described by Campbell (1955) consists in part or all of continental
| strata slightly metamorphosed and highly folded. These beds are
overlain unconformably by unmetamorphosed Middle Devonian strata.
| Campbel] estimates the thickness of the Quetame to be about 2,750
" meters. |

In the Barinas Basin of southeastern Venezuela, the unfossiliferous
Bella Vista Formation and the overlying Caparo Formation, considered to
be of Ordovician and Cambrian age, are 3,000 neters thick (Pierce,
1960, p. 217-221. The Bella Vista Formation is metamporphosed to
greenschist facies‘agd consists of schists, phyllites, and gquartzitcs.
The Caparo Formation is less metamaqrphosed and consists of lightly
metamorphosed siltstone, silty shale, and contains a Middle Ordovician
sandstone. The base of the Bella Vista Fdrmation is not exposed but it
is presumed to overlie metamorphic rocks of higher grade and older age
in the adjacent Mé%ida Andes. In the Mé%ida Andes the Ordovician and
Cambrian systems are apparently represented by the Sierra Nevada
Formation (Bass and Shagam, l960),wh?6h has been dated by Rb-Sr on

muscovite as 410 m.y. (Bass and Shagam, 1960, p. 381.

6
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to unfossiliferous

The %}1qara Formation is orebably cquivaler

meta-sediments of low metamorcnic arade lving below unretamorphosed
rocks of Devonian age on the west flank of the Serrania de Perija
(Tschanz and Cruz, written comrun., 19690; Trumpy. 1943: and Radelli,
1962) and possibly to part of the Perija Series of Sutton (1945) in
the east flank of the Serran{a. Hea and “hitman (1960, p. 354-355)
restrict the Serfes de Perija to metamorphic rocks of greenschist
facies overlying‘gneisses and schists of nossible Precambrian age
(Perijé series of Sutton). According to their definition of the
Series de Perija, it could beequivalent to the Silgard #ormation; however
they suggest a tentative Early Pevonian aqe for the rocks,
) Orthonneiss
Defwnw;lon.--Quartzo feldsoath1c aneiss ranging in composition from
granite to tonalite is widely distributed in the high- and medium-grade
metamorohic rocks of pre-Devonian age in the core of the massif.
These rocks are on the whole massive but contain senta of foliated
metasedimentary rocks and thin screens of hornblende aneiss and
amnmbohte, some of which appear to b@ motamorphosed dikes, Only the
diorlte gneiss was mapped separatelv,
The massive asnect of t?ese rocks, the oeneral lack of laverino
except on a gross scale, the bresence of gndogenoﬁs inclusions in
some of them, and the fact that compositions are those of maamatic
rocks have led to the use of the name crthoaneiss for these rocks.
South of Matanzas and west of Tona('in H-12 and N-]3}orthoqneiss occurs

as sills and dikes in the medium-arada rocks of the Silmara Forisition.
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Two styles of emplacemant of the orthogneiss are evident. In one
the orthogneiss is intimately related to migmatita. 1In this tho
orthogneiss consists of somewhat inhomogenenus masées that grade into
migmatite in which the gn2iss appears as septa or sill-like masses of
_different sizes in paragneiss of high metamorphic grade. This type is
transitional with lit-par-1it gneiss containing about equal amounts of
paragneisé and granitoid aneiss. This kind cof orthogneiss is prevalent

and well displayed in the Paramo de Santurban and the extensive migma-

tite zone that continues north and northwestward to the noffhern edge
of quadrangle H-13. Areas of migmatite with small masses of orthcgneiss
were adescribed with the Bucaramanga Gneiss.,

The other type of orthoaneiss forms large, discreté, mappable
units. These have fairly sharp contacts, although in some places
they may pass into migmatite as does the large mass of orthogneiss
northeast of Berlin. This type of orthogneiss is not confined to the
high-grade metamorphic rocks but may be present in medium grade or
even greenschist facies rocks, as, for example, in the Onzaga area

in [-13.




The style of emnlacement of the orthogneiss is probably a
function of the deoth at which emplacement or formation tock place
in the crust. The orthogneiss in the Paramo de Santurban area is
cleariy an integral part of a paragﬁeiss-orthogneiss complex.
Other areas of orthogneiss, except those forming migmatite, are not
ciearly a part of such a comnlex. The more discrete the mass, the
higher aﬁd possibly the Tater it was emplaced. Hence it is possible
that orthogneiss of more than one age is present in the massif.
Hovever, all the orthogneiss is clearly of ore-Devonian age, but ;
some may be older and some may be ydunger than the Silgarad Formation.
The suggestion that quartzite and metaconglomerate in the Silgard

might be younger than some crthogneiss has been peinted out.

Distribution.--The general distribution of the orthogneiss is indicated

in figure 4. Most of the orthogneiss is in the northern part of the

map area in H-13, to the southwest, north, and northeast of Berlin.
Narrow wedges of orthogneiss crop cut in fault slices in a belt
west of Panplona and extending south to the vicinity of Chitagd and
Silos. Orthogneiss crops out alona the east side of the Sagfa
Birbara and Mogotes batholiths to the southern end of the zone in

the vicinity of Onzaga.
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The masses of orthogneiss croppinn out in tha sguthern part of
the zone east of the batholiths have bz2en intruded and cut cut by
younger granite or are partly covered by younger sedimentary or
metasedimentary rock so that the actual size of these masses an
their original contacts are obscure. In some nlaces, however, it-
appears that the nature of their contacts with the enclesing
medium-énd high~grade metasedimentary rocks is similar to that
observed in the northern part of the map area. - , i

The presence of nafrow zones of orthogneiss flanking the Santa

Bdrbara batholith in the area south of Berl{h suggests that . i §

orthogneiss was fairly continuous before intrusion of the batholith.
The isolated mas;es of orthogneilss near Santa Barbard weie
brobably part of the mass of orthogneiss near Tona prior
to the intrusion of the batholith.
It is possible that in some places during the mapping, sheared
younger plutonic rocks have been mistaken %or orthogneiQs. However,
shearing of the younger plutonic rocks is restricted to narrow zones

that have pronounced cataclastic textures, whereas the orthogneiss

has a pervasive crystallization foliation without evident cataclasis.
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§g§§§g§§,-—60ntacts‘of the larce masses of orthogneiss are con-
cordant in most places with foliation in the enclosing rock. This can
be seen clearly at the contact of the orthogneiss with the Silgard
Formation in the Rio Caraba west of Silos and along the Bucaramanga-
Pamplona highway below Aito E1 Pichacho west of Berl{h, quadrangle H-13.
Tabular bodies of orthogneiss in the Silgaré Formation in the Tona and
th Suratd areas have contacts that transect laminae in the host rock
at low angles. -

Some pegmatite injecfion and a slight coarsening of grain size of
schist in contact with brthogneiss is evident at the junction of Rib
dataperros and Quebrada Pescadero east of Ber]iB_in quadrangle H-13.
kest of Sitos in the R{E Caraba, the amount of gneissic pegualiie and
granite in schi;t and paragnefss of the Si]garé,Formation increases
toward the contact with the orthogneiss. .

Southeast of Covarachia a sill of lineated orthogneiss lies in
markedly sheared ,gently dipping silicious ph}l]ite of the.Silgarg
Formation. The main mass of orthogneiss below is also quite sheared
and locally has been converted to laminated mylonite. The shearing
post dates the emplacement of the orthogneiss and the metamorphism of
the Silgar&lFormation, but it is probably a localized late dynamic
phase of the metamorphism. Tne unmetamorphosed Floresta Formation,

1ying about 50 meters above, shows no evidence of deformation.
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The ahove observations show that some of the orthoaneiss is

at least intrusive into rocks as youn; as the Siloard Formation and

that it was metamornnosed at the same ifime as the recks it

intruded. UYhether empliacement occurréd nenacontinsoraneously with

the metamorphism or much earlier is not certain. On the

supnosition tnat plutonism and regional metamorphism are co-related

processeé, we are inclined to the view that the orthogneiss is

syntectonic or pene§ontemporaneous vith the regional metamorphism

of the Silgard Formation. The evidence does not rule out, however,

the possibility of some of the orthoaneiss having been emplaced

after the metamorphism of the Silgard Formation but prior to the

depesition of the Floresta Formation.

" Description.-The orthognaiss has a considerable range of texture

and composition. The rocks are prﬁmari1y recognized by their quartzo-

feldspathic composition, their no@}ayered character, and their |

pervasive gneissic structure. The orthogneiss usually has a marked

Tineation as well as foiiation. In some olaceslineation predominates,

in other places foljatioa predominates. The rocks range in

cemposition from granite to tonalite and diorites hovever, quartz-
monzonite and granodioritc predominate. THe histoorams of estimated

modes in figure 5 indicate the range in composition. They also show

a weak bimodal distribution of abunrdince of plagioclase, potassium

feldspat,1n1 ntscovite.
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The different kinds of crthogneiss ware not sevaratad in tne field

‘mapping and tneir relative amounts are known only approximately.

Some idea of the relative awounts can be obtained, however, from the
following descripticns.

Coarse-grained biotite augen cneiss composed of plagicclase, quartz,
and biotite with large augen of pink potassium feldspar is tha pre-
dominant rock in the eastern side of H-13 west of Pamplona. The
amount of biotite differs from place to place. Augen gneiss is also
‘present in the mass of orthogneiss northeast of lorro ﬁevado (Fig. 4). It
?zlso a subordinate type in the Rio Caraba mass and in a‘few places
south of Alto E1 Picacho. Farther south, the belt of Bucaramanga
Gneiss passing southward across Rio Mancos and R{é Umpala in south-
western H-13 and norihwestern I-13 contains lit-par-1it augen gneiss.
Augen gneiss also constitutes parts of the orthogneiss along the east
side of the Santa Barbara Batholith in H-13 and I-13. It was observed
near Santa Bgrbara and east, west, and south of Molagavita. Augen |
gneiss is also present in the Bucaramanga Gneiss west of R{6 Surata

M-12, planchita 109-1V-D, b-7),although it is

not shown on the map.
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Biotite flaser gneiss characterized by small, often flat lenses
¥ ’

%

of feldspar and quartz set in an anastomosing fabric of biotite, %uartz,
%
and feldspar is a common type. It grades into lineated to foliated

biotite-quartz-feldspar gneiss in which biotite is le¢ss abundant and

w
x

in discontinuous streaks. Composition is usually quartz monzonigic to
. PR N . . , 7

granodioritic, These gneisses are fairly abundant in the Rio Caraba

mass of orthogneiss, less so in the Tona mass and in places . east of

the Santa Barbara batholith.

A strongly lineated, weakly foliated, eqigranular to slighgly
inequigranular pinkishjgray gneiss of granitic to quarté-monzonitic
composition with scattered uniformly oriented biotite crops outfin much
of the Rib Caraba and Pakamo de Santurban areas. 1t also crops;out

northwest of Tona in southeastern H-12. An associated rare biqtite-

free muscovite gneiss crops out locally. z
A widely distributed but volumetrica}ly small type is a g%anite
gneiss with flat lenses of quartz and with muscovite and gioti;e in
discontinuous subparallél arcuate foliae. These rocks contaim a sodic
plaglioclase: oligoclase or rarely albite. The 1ight-colored3granitic
types are alaskitic and contain only 1 to 2 percent biotite. %Some of
these have lenses and rods of feldspar and quartz that impar; a
"granulite' texture. There is no evidence, however, that thééé rocks
éver were granulites of the granulite metamorphic facies. At the
contact of orthogneiss with the Silgara Formation west of Alto El
Picacho and also west of Tona is a fine-grained, pale pink t§ cream
alaskite gn2iss having marked lineation. Similar rock was oﬁserved

associated with quartzite southeast of Mutiscua. In the field this rcck

is difficult to distinguish from meta sandotone.
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The orthogneiss near Tona is a gray to gracnish-gray herahlende

biotite flaser gneiss of grancdiorite to toralite comnosition. It
appears to be less mafic to the east and south. The gneiss contains
lenticular oriented fine-grained dark-gray inclusions of the type
usually considered to be cognate. Similar gneiss occurs east of the
tlogotes and Santa Barbara batholiths and naar Onzaga. South of
Molagavita and south of Covarachia in I-13 gray non-foligted to
slightly gneissic granodiorite and tonalite cccur in the same areas
with more gneissic rock. These less foliated roéks are internreted
as plutonic rocks synchronous with other orthogneiss but which did
not undergo the degree of defprmation during crystallization

that the orilivgneiss did elsewhere. .

In some places the predominantly uniform biotite orthogneiss
contains muscovite layers. These layers are interpreted as
local zones of high water vapor pressure in which retrograde
muscovite has formed from feldspar during crystallization or
metamorphism. Ho aluminum silicates are present in those rocks.

Diorite gneiss locally stronagly sheared, crops out in
fault slivers between Silos and Babega in H-13. These rocks have
been mapped separately as a dioritic nhase of the orthocneiss. They

Consist of hornblende and plagioclase with 1ittle or no quartz.



variable compcsition, although rearly all are poor in mafic minerals.

They are either medium grained and granitoid, locally peamatitic, and
intinately mixed and niastically folded with the paragneiss, or they

"~ are distinct layers of uniform augen gneiss, flaser gneiss, or fire-

(Yo}

rained gray biotite -auartz -feldspar gneiss.

seneral cenposition of orthogneiss is shown in figure 5. Augen
aneiss is composed of about 30 percent quartz, 25 percent oligoclase,
40 percent microcline, and about 5 percent mafic minerals,chiefly
biotite and chlorite. Accessories are apati te, iron oxide, and

zircon (fig. 6). Alteration products are sericite and chlorite.

The flaser gneiss and granitic gneiss differ little in
composition. Quartz, plagioclase, and microcline and orthoclase are
present in about ecgual amounts, or the potassium feldspar is
slightly more abundant. .iicrocline is the predominant type of
potassium feldspar, as in the augen gneiss. However, microperthite is
present in some biotite gneiss and biotite flaser gneiss. Orthoclase
is common in othars. P1égioc1ase is usually oligoclase to albite.
Sranitic gneiss has less than 5 percent biotite, whereas flaser gneiss
approaching granodiorite may have up to 15 percent biotite, but

norazlly contains 10 percént or less. Some specimens of granite

aneiss contain trace amounts of hernblende.
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g '25 percent quartz, 50 to 65 percent an
1
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‘flaser gneiss approaches tnis composition wi

‘clase or microcline, 30 percent quartz, and
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Muscovite is pres

gneiss, and is p

crystallization

the higher grad

rare from areas

Sphene is an accessory mineral in the To

specimen. Cataclas

minerals appear to
forms lenticular mosaics,
be in laminae of locally shredded flak

unbent muscovite flakes.

present sporadically in all types. Some of

traces of garnet.

The texturc of the crthogneiss is crysta!]oblastic in thin

in varying degrees, but on the whole, the t

foliation, particularly in

es of metamorphism.

enclosed in shells of mica, quartz, and fel

desine to calcic-oligoclase,

otite and hornblende. Sore

th 5 to 15 percent ortho-

4% to 55 percent oligo-.

ent in amounts up to 5 percent in some granite
resent in small amounts in some of the other rocks.

na Type gneiss. Allanite is

the granitic rocks contain

coctinn
cectilni,

although the rock may be strongly lineated or foliated in hand

tic and rehealed cataclastic textures are present

extures are those of

tﬁe gneiss within rocks of

Some augen gneiss has sublenticular potassium feldspar megacrysts

dspar that suggest the

gneiss was subjected to differantial movement. However, none of the
be particularﬂy crushed. Quartz in many specimens
but is not usually strained. Hicas tend to
es that interweave with larger

Some specimens do 'show cataclasis, but these

of late shearing affecting other rocks also.
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Plagiociase is unzoned or has oniv a faint relic oscillatory
zoning. In many rocks it has Targe clinozoisite or zoisite inciusicns
suggesting 2 histery of saussuritizatioﬁ followed by recrystallization
an&onSOHdation of the zoisite or clinozoisite component int® larger
grains. Perhaps this reaction took place under high activity of
H20 accompanied by shearing. The plaéioclase with the large epidote
grains is typical of the tonalite and granodiorite orthogneiss. In

some specimens of these rocks the plagioclase is albite,suggesting

greenschist facias conditions of metamorphism. Some plagioclase in

- migmatite is antiperthitic.

Microcline and orthoclase are the common types of potassium
feldspar. In contrast to the younger batholithic rocks of the
Santandeé massif discussed be]ow; microperthite is rare.

Myrmekite in adjacent plagioclase is common. In some specimens
the potassium feldspar is large, mottled, and poikiloblastic.

Muscovite in some specimens appears to have been derived from
preexisting minerals in the gneiss, possibly from feldspar, and like
the epidote has recrystallized from sericite derived from altered
ferSpqr. Hafics tend to be clusterad in laminae. Biotite is

typically greenish-brovn to brownish-green.
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Age.--The crthogneiss is unconfermably overlain by the Floresta

y
Formation of middle Devonian age. Orthogneiss intrudes the Silgara

Formation of prokable Cambro-Ordovician age, and the Bucaramanga
gneiss that contains rocks of Precambrian age. From field evidence
ithe orthogneiss could range from early Devonian to Ordovician, but
Scould be in part of Precasbrian age. A Rb-~S5r whole-rock radiometric
édetermination on a specimen of orthogneiss'from the Rio Caraba mass

. ?ﬁortheast of Berlin (IMN-12256, table 1) gave an age of 450%80 m.y.

. ‘indicating‘a late Ordovician age for the gneiss. A K-~Ar radiometric
'determination on hornblende from meta-diorite northeast of Ocana, north
of the map area in quadrangle F-12 (IMN-12262, table 2) gave an age of
‘413#30 m.y. This rock is correléted with dioritic rock in the

' Bucaramanga gneiss. Radiometric ages of 436 m.y. and 484 m.y. on biotite

: ifrom pegmatite from the serrania de la Macarena (Pinson and othexs, 1962)

- confirm a plutonic episo&e in Colombia about this time. However, a

i

>  problem remains in that the orthogneiss is also intimately associated

'

with high-grade paragneiss of the Buéaramanaga Gneiss in such a way that
* 'both rocks appear to have formed during the samé plutonic-metamorphic
event. A Rb-Sr whole rock age on paragneiss gives a Precambrian age
":(IMN-13199, table 1), although the age admittedly is somewhat

;questionable. If this orthogneiss were also Precambrian then it means
(o

t .

'that during the Ordovician metamorphism the rock did not remain a closed

i

;SYstem and the age was reset. Another interpretation is that whereas
}

Paragneiss formed during the Precambrian high-grade metamorphism, it

later underwentagatexis and a second high~gradz metamorphism in

¢

' Ordovician timg'during which time the orthogneiss was emplaced. The

? Structure and texture of much of the orthogneiss suggest a two-stage

histcry of metamorphism, and we postulate that the events

Oct.rr-1 in the Precambrian and Ordovician. ’5q
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Because some of the.orthogneiss is so intimately associated with

the migmatitic phases of the Bucaramanga gneiss
from which Precarbrian radiometric ages are obtained, we must
;conclude that some or much of the orthogneiss is of Precambrian age.
\NéThis puts into question the observation that orthogneiss intrudes rocks
:of the Silgard Formation. Either the Silgara Formation is not lower
‘pPaleozoic, but Precambrian, or othogneiss of more than one age exists.
+ The latter probability is the most likely considering the eyidence

reviewed. We suggest that the larger distinct masses of orthogneiss are
the '

/younger, or Paleozoic age, whereas the smaller masses intimately
associated with migmatitic gneiss are Precambrian. The other alternative

is that the Precambrian ages from the Bucaramanga gneiss are erroneous.

. This does not seem likely.




IGNEOUS ROCKS

A number of batholiths, plutons, and stocks throughout the
Santander massif (fig. 4) consist of nonfoliated igneous rocksj
types range from diorite to granite. Gradaticual nhases, similarity
of rock types within as well as among different batholiths and plutons,
stratigraphic relationships, and radiometric ages (tables 1,2)
indicate that most of the igneous rocks belong to a single plutenic
interval. Age data indicate contemporaneity of rocks of most of the
batholiths. The rocks of these dated batholiths ére sufficiently
distinctive so that undated batholiths can be correlated with them
vwith some confidence. The name Santander Plutonic Group is here
introduced as @'uéeful term to embrace ‘the major bathoiiths

of the Santander massif. The Santander Plutonic Group can be

divided into two suites: 1) pink granite and quartz monzonite, and

2) gray quartz-nionzonite and granodiorite. A difference in relative

age between the two suites has been sﬁggested, although field '

relations and radiometric age determinations conflicf. The rocks

of both are assigned to the Jurassic and Jurassic-Triassic (pl. 1).
. Plutonic rocks not clearly related to the

Santander Plutonic Groun are assigned inferred relative positions in

the map explanation.
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The larger bathoiiths are predeminantly nink quartz monzonite
and granite. Gray colors are generally restricted to smailer masses
which are composed of granodiorite, tonalite, and diorite, the only
exceptions are the white Jurania Granite and the gray La Corcova

Quartz Monzonite, although this too has a local porphyritic pink

phase.
Contact relations indicate that generally the pink, more :
granitic rocks are younger than the gray, more mafic rocks. ‘

However radiometric age determinations do not everywhere support this.
view. K-Ar ages on biotite from gray granodiorite on the R{B

legro batholith gave a i1iddle or Early dJurassic age,.whereas K-Ar

ages on bictite from the pink Santa 2irbara Quartz Monzeonite and the
Pescadero Granite gave ages on the Jurassic-Triassic boundary. The
gray La Corcéva.Quartz Monzonite gives a K-Ar age similar to that

of the pink granites (table 2, spec. 13197). We are inclined to think
that t?e Jurassic age is aberrant rather than reflecting a spread in

the time of plutonism.

The pink granites include the Pescadero Granite, quartz

monzonite of the Ri0 Negro and HMogotes batholiths, and the Santa

Barbara Quartz lonzonite. Gray granodiorite of the R{0 ‘legro

batholith, in spite of the younger radiometric age, and granodiorite
of the Mogotes batholith are considered to be penecontemporaneous,

although field relations suggest they are slightly older than khe

pink phases. The La Corcova Quartz Monzonite occupies a somewhat
ambiquous position: relatively vounger than tonalite and granodiorite,
but similar in age to the pink qranites. 'lo relative position for
the Durania 6Granite has been determined. -
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Batholiths in the northern nart o0& Zona2 IIl north of the area
mapped, whose rocks on lithologic grounds are correlated with the
suite of pink granites and quartz monzonites in the southern half
of the zone are the batholith west of Sardinata, centering on
Quebrada Aguablanca (Aguablanca batho]ifh) and the coarser grained
phases of the igneous comnlex in the Ocana and Abrego areas (Ocard
batholith). A batholith of gray granodiorite lying mainly east of
R{o Tarra between the Aquablanca and Ocana batholiths is correlated
with a gray granodiorites of the Mogotes and Rfa Negro batholiths.

A K-Ar radiometric age on biotite from quartz monzonite of fhe
Aguablanca batholith (IMN-13201, table 2) indicates a Jurassic-
Triassic age similar to the Santa Barbara Quartz Monzonite and
Pescadero Granite. Possibly the Ri0 Tarra and the Ocaia batholiths
are somewhat younger, corresponding to the younger age frém the R{;
degro batholith. .

A compilation of estimated modes’ and types of feldsnar of the
major plutonic rock units is shown by histograms in figure 5. These
histograms show aualitatively the absoiute and relative amaunts of
essential minerals in the different rock units Figure 6 shows the
distribution of some accessory minerals among some rock units. Samples
of the quartz monzonitic and soarser samples of the granodioritic phases
of both the Rio ilegro and Moaotes batholiths have been combined in
the set of histograms for each batholith. This accounts for the

weak bimodal and asyrmetric form of the histoqgrams.
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An insuftiicient numbar of sawples of some rock types are
available for really meaningful histograms, and many nontypical
rocks are included in the samples, but on the whole the similarities
and differences seen in the field and hand specimen among the
different rock units is borne out by the diagrams. Many of the
details of the figures will be referred to later. However, attenticn
is called to the general similarity in form of the histograms and the
curves of accessory mineral abundance of the Santa Jarbara Quartz
monzonite and the quartz monzonites of the “ogotes and Ria_ﬁegro

batholiths, ignoring the granodioritic nart of the histograms.



ms e .~ - Batholiths -and plutons -

Diorite and tonalite

Diorite of R{b Guaca ,--Asmall stock of hornb?eqde diorite crops
out on the west side of Rig Guaca and its junction with the Rig
Chicamocha in northeast I-13. The rock is intruded by aquartz-
monzonite of the Mogotes batholith,which near the contact contains
hornblende, suggesting contamination from the diorite. Thé
Bucaraﬁanqa fault cuts z: on the east side. The diorite is

mediur-grained;with somewhat irreaqularly distributed white

plagioclase in a dark matrix composed of hornblende grains of
different sizes. The rock is somewhat aitered and crushed near i
faults. In thin section the rock is hypidiomorphic granular in
texture. Major minerals are indistinctly zonéd extensivaly
sericitized plagioclase, and bluish-green hornblende. Accessories
are sphene, Apatite, and épidote, plus traces of quartz and
potassium feldspar. ;
the east side of the Ri0 Guaca across from the diorite is a fine- ‘
grained tonalite or diorite clearly intrusive into the
Si]garabermation. It is not certain
whether this rock is part of the same body as the diorite to the
west. Superficially, it resembles fine-arained tonalf;é and
diorite that are fairly common as small masses throughout the zone.
These rocks usually contain some auartz. WNo thin section is
available from this mass<fo determine the possible equivalency of
these rocks is critical, as the diorite ‘and the fine-grained diorite

or tonalite lie on opposite side of the Bucaramanga fault.
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Diorite and Tonalite 2% 2io Surata area-- A sm21l mass o7 fonalitc

and diorite'~w~‘almost 3 kilometers long, iargely altercd and : !
crushed by faulting,is exposed in the Rig Surata just north of its
junction with the Rig Tona in northwestern H-12. To the west tne
tonalite is in contact with amphibolite-bearing gneiss and

ﬁaragneiss, and to the east it is bounded by a faﬁlg along wﬁich in
place; the rock has been converted into chlérite schist. The tonalite
in a few places, however, can be seen clearly to intrude metasedi-

mentary schist and gneiss.

The rock is medium-arained,equigranular, and gréy-green in
color. Inclusions of fine-grained diorite are common. In thin
section the texturé is hypidiomorohic where not crushed. (uartz
ranges from 1 to 15 percent, zoned andesine froml40 to
60 percent, brownish-green biotite frqm 0 to 25 percent, and blue-green
hornblende from 0 to 45 percent}‘iAcceésories are pétassium feldsnar,

s
sphene, apatite, iron oxide, and secondary chlorite and epidote.
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Numarous small masses of toralite and diorite of similar

composition and texture cut the Bucaramanga Gneiss both north and

N GRS

south of Bucmramanga and are cut in turn by white to nink quartz

monzonite and granite. (ca). Similar rock was observed along the
Bucaramanga fault near Umpala. ione of these hasses are of
mappable size. They have been observed from the Umpala area to the
Ri0 Negro batholith and may be related to the diorite in the R{0
Guaca and small masses of fine-grained tonalite scattered throughout’
the zone, as well as to the larger mapoable masses.

Tonalite (t) similar in texture and composition crops~out
south of Cachiri in northwestern H-12 within a small stock of
quartz-monzonite. Ahother stock of tonalite intrudes the

Bucaramanga Sneiss about 4  kilometers to the east.




Fine-grained tonalite.--Scattered throughout the metamorphic ard

igneous rocks of the southern half of the zone 2re nasses of fine-

grained tonalite, most too small te show on the maps, composed

principally of plagioclase and hornblende. TLi:y appear to be dikes or

-.small stocks and are most abundant in areas of La Corcova GQuartsz

Monzonite. Many srall masses are encountered on the road to Los Curos
from Guacé in the Rio Mancos area and on the Bucaramanga-Pamplcna
highway near and east of La Corcova. The more mafic phases of the
la Corcova Quartz Monzonite are similar in texture and approach the
compeosition of the fire-grained tonalite. These rocks may represent
a mafic phase of that unit. On the other hand, fine~grained tonalite
is clearly cut by. quartz monzonite correlated with the Ia Corcova in
northern quadrangle I-13, about 6 kilometers southwest of San Andres.
The fine-grained tonalite has é uniform salt-and-pepper texture
and is usually nonfoliated, the one exception noted being a sméll mass
c¢ropping out on the Bucaramanga-Pamplona highway in northeastern H—lj,

below Morro Negro. Typical rock is ccmposed of about 50 percent zoned

andesine, 10 to 20 percent quartz, O to 10 percent potassium feldspar,

_and 30 to LO percent biotite and hornblende, plus accessory apatite,

Sphene, iron oxide, and secondary epidote and chlorite.
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Age and correlation.--fWhether all the teonalite and dicrite are of the

same age is open to question. These rocks are post-metamorphic,
probably younger than the metamorphism of the Silgar; Formation, bub
some may be late metamorphic. They are cut by La Corcova Quartz
Monzonite and

could be as young as Triassic. Some tconalites resemble certéin less
gneissic ﬁhases of orthogneiss in the Onzaga and Capitanejo area, and
metadiorite in the Vetas—California-Cachir{’area. Some of. these rocks
might be as old as Ordovician, because they resemble nonfoiiated
metadiorite near Ocana that gave 2 radiometric age of 410 m.y.

‘(table 2). ' -

" Tonalite and grandiorite of the Paramo Rico Pluton.--The

NN .

Paramo Rico pluton covers an area of

% about 50 ;duaremk%1ometers ceﬁferea on Paramo Rico in northeastern

H-13. The southern appendage no}th of Ber]f; (fig. 4 js bounded

chiefly by faults. The pluton is composed almost entirely of

tonalite and granodiorite‘(tgd). small stocks of La Corcova quartz

monzonite and quartz monzonite, aplite, and porphyry on jts southwest

. and northwest corners,respectivelw are not considered part of the
pluton. Grancdiorite predominates in its southern part and iona]ite
in its nortnern part. Its contact with the Santa Barbara

batholith is concealed.



The
pluton consists of gray medium- to coarse-grained tonalite and
granodiorite. Fresh and accessible exposures can be seen on the
road from Berlin to Vetas, about 5 kilometers north of Berl{h, and near
California where fresh rock crops out on the banks of the Rio Vetas
below the town.

In the southgrn appendage north of Berlin, the rock is coarse

grained, somewhat inequigranular, gray, and nonfoliated. Near
- contacts and in apophyses it is slightly gneissic and of granodiorite
composition. Dark fine-grained inclusions interpreted as autoliths
are common. Mafic minerals tend to fofm clots. Sphene is a
prominent accessory. The rock weathers spheroidally where massive to

produce conspicuous corestone boulders.



The contact of the tonalite and granodicrite with the Santa
Barbara Quartz Monzonite is not exposed. The toneiite clearliy
intrudes the Bucaramanga gneiss in the Paramo Rico area and is cverlain

unconformably by the Tambor Formation of Early Cretaceous age. Dikes

s - of alaskite, aplite, and La Corcova Quartz Monzonite cut the tonalite,

but no dikes of Santa Barbara Quartz Monzonite or Pescadero Granite

were observed. Near California, the tonalite is cut by gquartz

monzonite, aplite, and quartz porphyry. Small masses of gneisgic
tonalite are exposed in road cuts on the Berlin to Veﬁas_road wast of
Vetas. These are prcbably offshoots from the main mass of tonalite.

In the northern part of the pluton, the rock is medium grained and

somewhat more equigranular and is predominantly tonzlitic rathsr than

granodioritic.

B0 o e e 2 Bt

In thin section the rock is hypidiomorphic and contains wsakly zoned to
nonzoned subhedral tabular plagioclase with complex twinning, large
subhedral hornblende, brownish-green biotite,and interstitial quartz

and clear (1limpid) potassium feldspar. Finer grained rocks lack

potassium feldspar. Estimated modes are 10 to 15 percent quartz, LS

L W ERNPFE SRS Sy e

to 60 percent andesine, S to 15 percent hornblende, 5 to 20 percent
biotite, and O to 10 percent potassium feldspar. Typical accessory
minerals»are sphene, apafite, iron oxide, and rare allanite. Chlorite
‘ and epidote are common alteration products. A trace of augite was

observed in one thin section.

-
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Tais rock, particularly in its southera part, shows textural and
compositicnal similarities to granodicrite in the Rio llegro and
Hogotes batholiths. It is older than the La Corcova Quarsz lMonzonite,
but perhaps not much older. It is certzainly pre-Girdn and later than
the major regional metamorphism which is considered to be Ordovician.
The tonalite and granodiorite could be as old as Silurian or as young

as Triassic. Its age is prcbably toward the young end of this range.
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La Corcova'duartz Monzonite

A gray, fine- to medium-grained quartz moazonite which makes up
the main mass of the La Corcova pluton (fig. 4) is_ here named the La
Corcova Quartz Monzonite from exposures in the vicinity of La Corcova
on the Bucaramanga-Pamplona highway, The Pluton is remarkably
linear and bounded by faults along most cf its length. It is 35 km-long
and about.3 km wide. Dikes of the La Corcova Quartz Monzonite
are particularly abundant north of the pluton east of Bucaramanga.
However, dikes and small masses of La Corcova are widespread
elsewhere in the zone. They are present in the California
district, near Vetas, in the Paramo Rico stock, and in granodicrite of
the Rig Negro batholith. No dikes of the La Corcova have béen cbserved
in the Santa Barbara batholith, nor have the Santa Barbara (uarvz
Monzonite or Pescadero Granite been secn tc cub the La Corcova. Small
stocks of La Corcova Quartz Monzonite crop-out northeast of the main mass
in quadrangles H~12 and H-13. Rock resembling the La Corcova is
present as small bodies in Bucaramanga gneiss east of Chiﬁaga. Smaller
masses of La Corcova are presznt near Vetas and iorro Nevado, H-13. A
gray quartz monzcnite in northern I-=13 scuth of Ssn Andres is
tentatively ccrrelated with the La Corccova Quertz Monzonite. Ia
Corcova Quartz Monzonite is well exposs¢ cn the rcad from Los Curos to
" Guaca in quadrangle H-12. Here, exposures of the intrusive contact of
the La Corcova with the Bucaramanga Greicss can be seen. A porphyritic
phase is exposed west cf La Ccrcova and on the rcad to Tona near
the Rio Tona. A minor fine~zrained bictite-rich phase with soro

hornblende is expozed eazt of La Corervis
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Typical La Corcova fuartz Menzonite Is fire crodnet S0 medium

grained, mostly equiegranular and sugary textured with evenly
disseminated bictite., I* is gray where fresh, but weathers to light
gray or to yellowish gray. In pleces it saows a little flow structure.
Where massive, it tends to weather sphercidally forming coregtona
boulders. In thin section the texture is xenomorphic to suﬁhypidio-
morphic gfanular, or aplitic. The rock is composed of 30 to 35 percent
quartz, 25 to LS5 percent zoned oligoclase, 30 to LS percent potassium
feldspar, predominantly microcline, about 2 percent biotité, and traces
to 2 percent muscovite. Accessories are apatite, iron coxide, and
zircon; alteration products are chlorite, epidote, and seriqite. Thre

amounts of epidote are unusually high for a rock otbervisz atpearinr

i

to be relatively low in calcium (figs. 5 and 6). Most of the epidote is inm

plagiocclase. The relatively abuncdant epidote and the ubiquitous
muscovite suggest high HpO activity in the deuteric stage. The
oligoclase is tabular to stubby with irregulér margins , and is normally
zoned. The microcline has a pronounced grid patiern, but some potassium
feldspar is perthitic. Micropegratite is present in some specimens.

The bioctite is brownish green te greenish btrown and tends to be

shreddy.
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The compositicr of typicel la Corcova Quartz rionzonite is
distinctive. The abundances of plagicclace and guartz are less than
in the other quartz monzonites, and the abundance of potassium
feldspar is slightly greater (fig. 6). The abundance of potassiunm
feldspar is unsuspected in the hand specimen because the potassium
feldspar is white instead of pink. It should also be noted that
microcline is the common potassium feldspar rather than the micro-
perthite common in the pink quartz monzonites. The La Corcova contains
the least allanite of any of the rocks. .

The porphyritic phase (Jikclp) forming the mass near Tona
(quadrangle H-12) contains pink potassium feldspar phenocrysts in a
fine- to0 wedium-grained matrix identical to,though slightly coarser
grained than,ncrmal La Corcova Quartz Monzcnite., In thin secticn, the

texture is similar to that in the normal phase, except that. microcline

is large and poikilitic. Plagioclase is slightly more abundant than
micrccline and is calcic rather than sodic oligoclase. Biotite is

also slightly more abundant.




A biotite-rich phase with similar sugery, fine-grainsd texture is
present locally in masses too small to be mapped. This rock geans Lo
be gradational in composition with both the La Corcovae and to the

fine-grained tonalites described in a previous section. Outcrops cf

<]
[

this type of rock can be seen on the Los Curos-Cuaca road south zad

’ v
east of the Rio Manco, and at a few places on the Bucaramangz-Poiplon
highway east of La Corcova. Some of this rock is slightly porphyritic

with vhite plagioclase phenccrysts. Texture is similar to that of the

Ia CorcovaAbut tends to be hypidiomorphic with tabular calcic-oligoclase

to andesine. Potassium-feldspar tends to be microperthite rather than

microcline. The amounts of quartz and potassium feldspar are less,

ct

whersas the amcunts of plagioclase and biotite are greater than those
in the L2 Corcova. Hornblende is present, and sphere is an accesscry.
Muscovite is lacking. Inclusion of estimated modes of thsse rocks in

" the histograms of figure 5 probably gives'the histograms their somewhat

bimodal and asymmetric character.
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: ! A K-Ar age on muscovite frem the normal La Corcova (table 2,
specimen 13157) is similar to K-Ar agec from biotite frem rocks from
the principal batholiths of the massif. The age of the La Corcova Quartz

Monzonite relative to other rocks of the Santander Plutonic Group

is uncertain. Dikes of La Corcova cut granodiorite of the Hio Negro

‘batholith and tonalite and granodiorite of the Paramo Rico stock, as
well as fine=-grained tonalite. At one outcrop on the rcad to Tona,
pink quartz monzonite of the porphyritic phase of the La Corcova cuts
; ‘the normal gray quartz monzonite. No crosscutting relationschirz of ILa

* ' 'Corcova with the Santa Barbara Quartz Honzonite, Pescadero Granite, or

T

pink quartz monzonite of the R{; Negro and logotes batholiths were seen;

! EThe Ia Corcova would thus appear to occupy an intermediate position in
‘time between the gray granodioritic igneous rocks an@ the pink and more
‘granitic ignsous rocks. The'strongest argument for the penecontempo-~
‘raneity of the La Corcova Quartz Monzonite with the pink quartz

*~ . monzonites of the batholiths is that phases transitional in texture and

composition seem to exist between them. The distinctive texture of the

Ia Corcova is observed in rocks of medium grain size rather

v

than the typical fine grain size of the La Corcova, and in rocks containing
potassium feldspars pinker than those in the La Corcova. Thus, the

. typical La Corcova grades into medium-grained and porphyritic rocks
like those which make up the bulk of the Santznder Plutonic Groug.

This 1is particularly striking when samples of the La Corcova porphyritic

phase are compared, for example, with porphyritic granodiorica of the

Rio Megro and lMogotes batholiths, and the La Corcova norral phase with
the more biotitic of the quartz monzenites of the Rio lLiegro and
Hogotes batholiths. There does nob seem to be a clear transition,
fhcwever, to pink to pinkish-white rafic-pocr granite such as the
‘ Pescaderc.



Quarvz mcnzenite, greniie, and cuarts cporphnTy

Stocks and plugs of pinkish-gray to light-gray and light-tan
guertz monzonite, granite and quartz porphyry,and rare granodiorite are
scattered in tae Silgaré'Formation and the Bucaramanga Greiss in the
northern parts of H-12 and H~13. Many of these stocks'and plugs are
east of the R{; llegro batholith. Other stocks and sill—like masses are

logated north and northeast of the main mass of La Corcova Quartz
Monzonite. Some of the small stocks in the area of the big bend of
the R{B Surata south-southwest of Matanzas contain porphyritic rock.
YMost of these rocks are deeply weathered and fresh rock‘is difficult to i
obtain. An isolated stock of light-colored quartz monzonite 11
kilometers north-northwest of Mutiscua (H-13) appears to be similar to
those in the Matanzas area.

The small stocks and plugs of quartz monzonite and granite differ
Somewhat in texture and composition from ore another. Some tan to
1ight-gray rocks resemble the La Corcova Quartz Monzonite in that they
have the same sugary texturs and evenly disseminated biotite, although
they are medium grained rather than fine grained. Some masses contain
Auscovite and resemble certain border.rocks of the R{o Negro batholith.

4
A few are light pink like some quartz monzonite in the Rio Hegro

batholith,
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Quartz monzonite, aplite, and porphyry (czu) form a composite
stock near Cslifcrniz in quadranzle H-13 and agpear tc be similar to
rale-pink phases of the quariz monzonite granite aﬁd quartz peorphyry.
vtueh of uhe reci in this arez has oeen extensively fractured, leached,
and impregnated with silica and sulfides, primzrily auriferous pyrite.
This ccmposite stcck contains ocutcrops of rock of the La Ccrééva type
as well as dikes of rhyodacite and dacite porphyry.

The bulk of the rock rear California is fine-grained}_pale~pink
to white, locally medium-grained granite or guartz monzonité with
characteristic bipyramidal quartz phencerysts. Two phases have been
noted: a porphyritic phase with quartz and feldspar phenocrysts, and
an even-grained aplitic phase. Some fresh rcck contains diséeminated
fire-grained biotite similar to that in the La Corcova Quartz
¥onzonite. The texture is aplitic in thin section,ith equant nonzoned
oligoclase and perthitic potassium féldspar.

The stocks and bosses described abdve appear to differ enough to
suggest that they are not all of the same age or origin. Some appear
to be related to the La Corcova Guartz Monzonite; others to the quartz
ronzonite of the Rio Negro batholith; and yet others are not clegrly
related to any of the other major plutonic units. They all, however,
have been assigned to a single unit on the geologic map. Conglorerate
q°f the Bocas Formation of Triacsic age contains pebbles of rocks of
this unit. Some o all ofthe quartz monzonite, graanite, and porphyry

13, therefors, of Triassic or older age, possibly Permian.

*aad

o s e

o A«

=
=

®

&

]

-

-
(.



The Durznia granite is a white muscovite granite forming
small plutons and stccks in a north-south belil extending from the
j . . C \ - .
Pamplona area in eastern H-13 norih to and beyond the towns of Durania

i

5—§and Villa Sucre in Norte de Santander beyond the limits of the map area.
{ .
.The granite is named for the town of Durania, near which the typical
‘granite is well displayed.

The larcest mass of Durania Granite is in the Parpleonz pluton

17 kilometers long by L kilometers wide south of Pamplona in

b

- northeastern H-13 (fig. L). A smaller mass crcps out to the south

near the Silos-Chitaga road, and another small mass lies partly

«

!
'in the guadrangle northeast of Pamplona, White muscovite-besaring

‘pegmatites with the same minerszsls as the granite are relatively

abundant in the metasedimentary rocks surrounding the Durania Granite

et

* and are ooviously related to it., Some of these pegmatites have been

exploited for mica and feldspar near Bochalema north of the map area.

Elsewhere, garnet and tourmaline are prominent.

B



The Durania granite is vhite, eguigrarular, rcdium- to ccarse-
grained, and slightly gneissic in places. It weathers readily by
disaggregation to grus. lMajor constituents are subequal amounts of
quartz, micrccline, and plagioclase {albite %o sodic cligoclase). The
. plagioclase is shown as Oligoclése in figure 5. lMuscovite is prominent
genefally in amounts up to SApercent, rarely 10 percent. Accessories
includz gérnet, tourmaline, iron axide, and zircon. One atypical
specimen contained no potassium feldspar. Only three specimens suitable
for thin secticning were chbtainable, and two of these éame from north
of the map area.

The age of the Durania Granite is not known. The youngest formation
it is seen to cut is the Silgara/Formation. It is late or post-metamocrphic
and is overlain by tﬁe Tibu’ Formation oflearlylﬁiddle Cretaceous age. The
range of possible ages of this rock is from Ordovician to middle Cretaceous.
It is more likely, however, to fall between the Devonian and Jurassic.
Because of the uncertainty in age of this granite and because of its
different lithology, it is not included in the Santander Plutonic Group,
and has been piaced arbitrarily belcw it on the map explanation.

A.K-Ar age determination on muscovite collected by Paul Duran from
a Peématite cutting Bucaramanga Gnei;s east of Chitaga thought to be
related to the Durania Gganite gave an age of 432-457 m.y. (table 2,
Specimen 14362). This indicates that either thé Durania Granite is
Ordovician in age rather than younger,or that the pegmatite is not recla-
ted to the Durania granite., The age is in the range of radiometric ages

Shown by the orthogneiss (tables 1 and 2).
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Santa Barbara Quartz Monzonite

The Santa Barbara Quartz Monzonite is a fairly uniform, coarse-
grained and inequigrznular biotite quartz monzonite that makes up the
bulk of the Santa Barbara batholith. The quartz monzonite and the

-ibatholith are named for the settlement of Santa Barbara, which is

near the center of the mass {fig. k).

The Santa Bé;bafa Quartz Monzonite batholith extends from
near BerI{;, in east-central quadrangle H-13, southwaré to the
Bucaramangé fault near the junction of R{;s Chicamocha and Guaca.
The batholith is about 60 km long and its width ranges from
5 to 12 km. TIts sﬁape is linear aqd its borders are only locally
faulted. 7Two small élugs of Pesca@ero Granite occur at its

northern end near Berlin. The rock within the batholith is almost

entirely a fairly uniform, coarse-grained, pink, quartz monzonite.




«

Although the Santa Barbara Quartz MHonzonite is largely confined to
the Santa Barbara batholith, small areasz cf quartz monzonite crop
out to tae east, east of Rio Angosturas in the southern part of

- northeastern H-13, and in an area near Laro del Ortices south of San
' Andres in I-13. The quartz monzonite has been recognized at places
within the Hogotes batholith north of liozotes and nedr San Joaquin.

The Santa Barbara Quarti Monzonite is megascopically coarse grained,
somewhat inequigranular, and orange-pink to purplish-gray with
vprominent orange-pink to grayish-red potassium feldspar, white plagio-~
clase, and gray quartz, and 2 to 3 percent biotite. In inequigranulaf
vphases, potassium feldspar forms phenccrysts as 1arge'as 20 mm. In
vmore eguigranular N " phases, potassium feldspar may be as much
- as 15 m in long dimension, plagioclase 12 mm, and rounded quartz 5 mm.

Mafics tend to be in small clusters, locally as much as 5 mm in
diameter. Quartaz, potassiuﬁ feldspar, and plagicclase are precemv in

‘Subequal amounts, but generally the potassium feldspar is slightly

more abundant than the plagicclase (fig. 5). .
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In thin sseticn, the typical quartz monzcenite is.hypidiomorphic
inequigranular with subtabular to egquant, slightly zoned oligoclase
and calcic albite. Cenicrs are usually saussuritized, whereas rims
are fresh. Potassium feldspar is dusty ﬁicrocline and fine string and
irod or screen perthite. Biotité is greenisn brown and usually altered
?to chlorite and clustered with apatise. Typical accessories are
sphene, af;aatit-e s iron cxide, zircon, and allanite. Alteration
preducts are chlorite and epidote. A few grains of ho;nblende ware
‘noted in the quartz monzonite in the Berl{n area. Except for having
more samples containing sphene, the relative amounts of "accessory
:minerals are mora or less similar to those in the quartz monzonite of

the Mogotes batholith (fig. 6).

In the darker-colcred more mafic phase, the plagioclase is tabular

and well zoned. The plagioclase is calcic oligoclase,and accessory

hornblende may be present with bioctite. Plagioclase is more abundant

than potassium feldspar. .
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The quartz monzonite weathers readily to grus and forms a somewnos
porous soil with & consequently low water table. Slopes in saprolite
gon the Santa Barbara at one place measured 4O degéees.

’ é The rock is well exposed, although quite weathered, on the road

s~§from Los Curos to Guaca where it crosses the width of the batholith.

» EWéathered outcrops are accessible southeast of Berliﬁ from the road
from Berlin to Baraya and Guaca.

' : A darker colored, medium~grained phase with 5 to logpercent

.biotite and a trace of hornblende crops out in places. This rock is

)exposed on the Los Curos-Guaca road just east of Quebrada El Retiro

west of the Rio Umpala (H-13, 12-I-C, J-5).

| Dikes of pink aplipe locally in swarms cut the N

:quartz monzonite. These are more resistant to weathering and stand

out as ledges. These can be seen on the Los Curos-Guaca road west of

" the turnoff to Santa Barbara (H-13, 121-I-C, J-6, J-7, J-8).

N
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Conglomerate ard arkose of the Girdn Formaticn of Jurassic are
contain detritus from the Santa Barbara Quartz lMonzscnite;

unroofing and erosion of the

Santa Barbara must have taken place prior to Giron time. Two K-Ar

i
.. |radiometric ages on biotite from the Santa Barbara Quartz Monzonite
i

‘(table 2) give ages of 192%7 and 194%7 m.y. These ages are in accord
i-x'ri’(:h a radiometric age obtained from a biotitic phase (similar to
‘quartz monzonote of the Mogotes batholith) of the Pescadero Granite
;to the west (table 2). in additicn, a whole-rock K-Ar age determina-

'";tion on a specimen cf phyllite taken south of Berlin about 1'km
: horizontally and probébly less vertically from the contact of the
;batholith gave an age of 198%7 m.y. These ages are sbout on the

boundary of the Jurassic-Triassic boundazy. Considering the probable
' slow cooling rates of a batholith this size (Winkler, 1967, p. 83;
Hamilton, 1935, p. 7T1), it is likely that the actual age of displace-

.ment is latest Triassic rather than earliest Jurassic; however, the

- age designation here given is Jurassic-Triassic.
1
1
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Peoczdero granite

The Pescadero Granite {Jirgp) is a fine-grained, crange-pink,

leucocratic granite named for exvosures in the vicinity of Pescadero

'in the municipality of Umpala (H-12). The Pescacero granite forms an

‘elongate, somewhat irregularly shaped pluton lying west of the

Bucaramanga fazal: from norih of Les Curos to the viciniiy of Cepits ox

FEio Chicarmccia. 7To the west the granite intrudec netasedinments of the

Silgar§ Fcermation. The Pescadero granite in this area could be

considered part of the Mdgotes batholith, because the main mass of _ §
Mogotes to the south contains rock like the Pescadero, and a biotitic
phase in the Pescaderc is similar to biotite quartz monzonite of the
Mogotes.

The Pescadero is overlain unconformably by the Jordan Formation
of Jurassic age whose basal congloserate céntains fragments’ of
Pescadero-type rock. Rhyolite dikes that cut the Jordan south of the
town of Los Santos are apparently younger. fo the north,.the Pescadero
granite passes into a rhyolite porphyry exposed along the road south

of Piedecuesta. This rock, which is similar to dikes within the main

mass, has not been mapped separately.

The Pescadero Granite weathers to a light-colored, porous, sandy

80il. Near Los Curos, the granite is appreciably brecciated and

/
weathered. In the canyon of the Rlo Manco to the south, however, the
granite is fresh, although intensely jointed and faulted owing to.its

proximity to the Bucaramanga fault.




A contact zcne in which numerous aplite and pegmatite dikes of
the Pescadero cut the Silgara Formation is well exposed along the
Bucaramanga %o Bogota highway 1.4 km south of the bridge over the Rio
Chicamocha at Pescadero.
5= Some evidence suggests that the or;ginal intrusive contact of the
'Pescédero with Bucaramanga gheiss on the east lies along the gite of th;
Bucaramanga fault. <“his is suggested by outcrops in fault slices
northwest of Umpala in tributaries of the Rio Manco which expose

fairly sharp, apparently intrucive contacts between granite and gneiss.

Sadie,

Typical Pescadero cranite is orange-pink, very fine to fine-
grained, equigranular to slightly porphyritic, with phenocrysts of
potassium feldspaf only slightly larger than the average grain of the
rock, and a few scatfered clots of‘maficvminerals. Some of the rock
has vugs containing drusy quartz, but these are believed to be related
to faulting. The rock is typically leucocratic. Albite or sodic
oligoclase, orthoclase and microperthite, and quartz are present in
from subequal amounts to a 4O to 25 ratio of potassium feldspar to
‘albite-oligoclase (fig. 5). Accessories are sparse with generally less
than 1 percent iron oxide, muscovite, biotite, zircon, and apatite.

- The ﬁicrcperthite ranges from a striﬁg—and—rcd type to a braid perthite.
%}ﬁcropegmatite ‘is common; Muscovite is tabular and contains small
;grains of exsolved iron oxide. Some muséovite(f) is in radial

zaggregates. The plagioclase is generally not zoned. Porphyritic

i

Phases contain phenocrysts of albite and rarely quartz; the remainder

i

‘of the guartz is in micropegmatite or graphic texture.
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SO
LR |
5



A mediume-grained crange-pink biotite granite and quariz monzonite
similar to some biotite guartz monzonite in the HMogctcs pluten to the
»  south crops out in places northeast of Pescadero aloug the Rio Manco.
: It was this rock from which biotite was obtained for the K-Ar age

s_fdetermination on the Pescadero granite (tuble 2). It is slightly

s coarser grained and contains more biotite than the typical Pescadero
I s

but is apparently related genetically to it. This rock is slightiy

¢ inpequigranular in thin section and hypidicmorphic. Relative amouants
;

* of minerals are about the same as in the (yuical Pescadero, exce@t that

13 biotite or.chloritized biotite is present . in amounts
up to 3 percent. Plagioclase is tabular, zonsd, and is calcic albitzs

i ior sodic oligoclase. Many grains of quartz and particularly orthoclase

13 écontain inclusions of the tabular plagioclase. Orthoclase is slightly

| .
perthitic; quartz tends to have an equant or bipyramidal habit.

e

"fAllanite is a sparse accessory in addition to the .suite normal in the

Pescadero.

sporphyritic rhyolite and rhyodacite. The porphyritic rhyolite dikes

have phenccrysts of albite or sodic oligoclase and leess abundant
,phenécrysts of quartz, orthoclase, and chlorite (apparcatly after
5biotite). ﬁThe matrix is microcrystalline wiih nebulovs subspherical
%feldspars and quartz, or distinci spherulites of quartz and potassiun
gfeldspar. Some samples of rhyodacite have a felty texture with small
!

‘euhedral feldspars. The textures are similar to those of the
| ‘

Porphyritic rhyolite south of Picdecuesti.

Dikes within the Pescadero Granite consistof pegmatite, aplite, and

i
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“- at least, pencconterporaneous, if not all of virtually identical age.

N A K-Ar radiometric determination on biotite from the biotitic rock

e e e e e e e

Two pluglike masses of Pescadero Graniie cui the Santa Barbara
Quartz Monzconite and metzsedimentary rocks scuth of Berlin in northwest
H-13. Another mass, voorly known, is located at the Rioc Cucutilla at
the extreme north edge of guadrangle H-13. Pescadero granite contain-

5- 'ing a little muscovite crops out in the Bucaramanga gneiss northeast

of Chitaga in H-13. An area containing abundant small bodies of : ;
Pescaderc Granite is located near San Joaquin in quadrangle I-13. j %
Pescadero Granite crcps out here and there in bedies too small to map

in the Mogotes batholith and Santa Barbara CQuartz Monzonite.

in the Pescadero Granite gave an age of 193%*s m.y. (table 2). This
falls betwee:i. the two ages cbtained from biotite in the Sanha Rarhara
batholith; it places the Pescaderc,and by extrapolation the quartz

monzonite of the Mogotes batholith, in the same zge group. They are

| )
pod
reN



" The Mogotes batholith

The Mogotes batholith, oane of the larger batholiths in the
southern half of the zone, is in quadrangle I-13, southwest of the
Bucaramanga fault {fig. 4). The batholith is about 40 kilometers long
and 15 kilometers wide at its widestpart; the average width is about
10 kilometers.

The batholith consists of several distinctive rock types. The
main mass is a light pinkish-gray to pinkish-white biotite quartz
monzonite and granite (Trc) predominantly medium-grained equigranular.
Coarse-grained phases similar to the Santa Barbara Quartz Monzonite
and fine-grainéd pink rhases similar to the Pescadero Granite croo
out within the main mass. The Pescadero Granite {JTrgo) north of
the main maés is considered part of the batholith. A mappable mass
of Pescadero Granite is near San Joacuin. Toward Onzaga
the rock is a porphyritic granodiorite and granodiorite (JTrad).

Dikes of rhyolite, rhyolite porphyry, anlite, quartz latite, and
lamprophyre are fairly conmon, particularly in the southern part

near Mogotes. A small stock of rhyolite near Onzaga is just south of
the map area.

Most of the eastern margin of the batholith is bounded by the
Bucaramanéa’fault. The batholithic rocks are intrusive into screens
or roof pendants of Bucaramanga Gneiss in places west of the’ fault.
Elsewhere the batholith . intrudes the Silgarafand Floresta Formations

or the orthogneiss. //ff'
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Quartz monzonite of thie Mogotes batholith

The quértz monzonite of the Megotes batholith is orapzs pink,
pinkish gray or pinkish white, equigranular to subporphyritic with a
_ grain size of 1 to 3 rm. The subperphyritic rocks have grains of
potassium feldspar cnly slightly larger tﬁan tl.e average grain size of
Xthe rock. The rock weathers readily to grus and makes a cream-colored
to bﬁff soil, becoming a deeper orange color where derived from more
bictitic rocke.

'

| The typical rock is leucocratic and contains subequal amounts of
} :

white oligoclase, pink potassium feldspar, and gray quartz (fig. 5)
.and less than 3 percent biotite. Less biotitic varietiss contain more
|

potassium feldspar than plagioclass and more biotitic varieties contain

iless. It should be noted that the histograms (fige. 5) include modes of

'samples of the granodiorite near San Joaquin.

| In thin section the texture of the quartz monzonite of the

Mogotes batholith is hypidiomorphic and slightly inequigranular.

Oligoclase is tabular and normally zoned. The potassium feldspar is

e

a rod or bead microperthite. Quartz s  in subequant grains or is
interstitial. Greenish-brosm biotite is in laths, cﬁmmonly with
inclusicns of apatiie. Accessories :ée apatite, iron cxide, zircon,
and allanite, with secondary chlorite, epidote, and sericite. Sphene
?is Present only in relatively biotitc-rich rocis épproachiﬁg grano-
‘diorite in corrsosition. Some fine-~grained varieties are white in
color and aplitic in texture. They contain albite or sodic olizoclase,
and micrographic or micropegmatitic texture is cuuion as in some of

the Pescadero granite. fThe porphyritic varieties differ only in havir:-

Phencerysts of microporihite. ' H 16
£ )
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_ Rio Negro batholith, the contact of the granodiorite with the quartz

granodiorite at the southern end of the Rio Negro batholith. As in the

Rock
similar to the Santa Barbara Quartz Monzonite and the Pescadero ¢ranite
crops out within the mair masss of quartz monzonite. Pink dikes in the
'Mogotes area have the usual graphic and spherulitic textures of dikes
in the Pescadero. Biotite is in very thin flakes recalling the thin
muscovite flakes with the exsolved iron oxide in the Pescaderc granite.
Dikes of éorphyryAhave a mosaic groundmass of quartz, plagioclase, and
orthoclase with phenocrysts of plagicclase, quartz, orthoclase and
platy biotite. ' :

Histograms of the quartz monzonite of the Mogotes batholith (fig.
5) approach those of the Pescadero granite with which it is associated.
The influence of Pescadero-like samples included in the modes probably

accounts for the slight difference in form of the histograms from those

7
of the Rio Negro batholith.

~ Granodiorite of the Mogotes batholith

East and southeast of San Joaguin is a gray inequigranular to

equigranular granodiorite similar in appearance and composition to the

monzonite is not clear. It may be gradational.

ot
[
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The grancdiorive of the Mogotes batholith is gray tc pinkish grzy,
medium to ccarse grained with scattered large orange-pink crthoclase
phenocrysts and smaller grains of gray quartz, white placioclase, and
black biotite. Equigranular phases with grains ;anging from 2 mm to 2 cm

- make up an appreciable percentage of the rocks iﬁ this area. They
reseible much cf the rock in the Mogoites batholiih to the northwest but
with somei«hat more biotite and fewer but larger potassium feldspars. In
thin section the- porphyritic type is hypidicmorphic with phenocrysts of
relatively large perthitic crthoclases and smaller tabular-zoned.
ardesine or oligoclases. Quartz is ahhedral to interstitial. Biotite,
iron oxide, sphene, apatite, and rare hornblencde tend to be in clusters.
Spherne, allanite,.zircon, apatite, iron oxide, and epidote and chlorite
are accessory and seﬁondary minerals. Oligoclase and andesine are more
abundant than potaséium feldspar. MHafics make up 5 to 10 percent of

the rock. Brownish-green biotite typically has numerous inclusions of

apatite. Equigranular phases of the granodicrite have a similar
composition. Although relatively few samples of the granodicrite from
the Mogotes batholith were available, the rock appears to contain more
allanite than the granodiorite of the Rio Negro batholith which it

otherwise resembles.

In some places, gray granocdiorite without pink feldspar

resembles the less foliated granodicritic phascs of the

adjacent orthognciss. It is possible that some areas of orthogneiss

have been mapped as granodiorite of the Mogotes batholith.
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Age of the gquartz monzenite and granodicrite

of the Mogotes batholith 75

The quartz monzonite of the Mogotes batholith is probably related
to the Pescadero Granite and the Santa Barbara Quartz Monzonite, on
the basis of the general similarity of lithology of the three rocks,
their gradational facies, and their stratigraphic and structural
relations with older and younger sedimentary rocks. The sample from
the Pescadero Granite from which the radiometric K-Ar Jurassic-
Triassic age was obtained (table 2) is lithologically quife similar to

the quartz monzonite of the Mogotes batholith. This quartz monzonite is

probably also Jurassic-Triassic in age. The granodiorite is

considered to be of about the same age because it appears to be a

phase of the same batholith..




rR{o Negro batholith

The southern end cf the Rfo Negro mass of quartz monzonite,
granite, and granodiorite lies east of thé Bucaramanga fault in
northeastern H-12 (fig. 4). The west side of the batholith is
obviously cut off by this fault. The southern end of the batholith
is a thin tail projecting southward aloﬁg the fault‘toward Rio Surata.
The pluton is at least 50 km long and e#tends north for an unknown
distance. At tﬁe quadrangle boundary the batholith is 14.5 km wide.
Farther north, beyond the map area, the batholith is about 20 km
wide. From its trend, it is doubtful that it is contiguous with

the Ocana batholith in the Ocana-Abrego area.

e

i e

The'batholith is comnosed of pink to pale-pink auartz
monzonite and granite (Jc) in its northern part. !orth of the

/
quadrangle along the Rio Cachira, a gray nhase was encountered west

of La Vega and a pink phase east of La Vega. Near Rig Megro and

south of Santa Cruz is gray to pinkish-gray granodiorite (Jgd). The

southern tail of the batholith consists of the granodiorite with

S it

appreciable tonalite, both cut by pink to white medium-grained

‘ . . .-. g
quartz monzonite (cq) which nredominated toward the Rio Suratdﬁ

5“5
1
4
g
i

A small isolated mass of similar pink auartz-monzonite intrusive

e

into tonalite is exposed in the area of Los Jardines and Pan de

—Azucar, east of Bucaramanga. L

v
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.. Granccdiorite cof the Rio llegro bathelith

The southern end of the Rio Negro bathoiith in the vicinity ¢l
Rio Negro and aleng and south of the Rio Santa Cruz consists of gray
fgranodiorite, usually porphyrisic, and subordinate equigranular
§tonalite resembling tonalite of the Paramo Rico pluton. The grano--
diorite in this area has many inclusions and septa of Bucaramanga

LY.

‘greiss and its southern border is an extensive mixed zone.

. The Bucaramanga fault forms the western border of the gfaﬁodiorite.

=*  To the north of the Rio Santa Cruz, the ~

t

zranodiorite is in contvact with more felsic pink to white quartz

monzonite and granite.' Little is known about th;s contact, and it may
be gradational. The northeast contact is a mixed zone with buinh ihe
-Bucaramanga Gngiss and the Silgara/Formation. The southeastern contact
is a sharp and fairly straight contact with the Bucaramanga gneiss.
Scattered outcrops of the granodiorite of the R{o Negro batholith
‘can be seen on the road from Rio Negro to Santa Cruz and §n the spur
:road southeast frqm Sardinas at the junction of the R{B Santa Cruz and

‘Quebrada Guayana.

D
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Typical granodicrite is gray, medium~ to coarse-grained, and sub-
porphyritic with sczttered pherocrysts of large orange-pini pctassium
feldspar and slightly smaller white plagioclase set in a matrix of
gray quartz, biotite, and smaller feldspar grains. The rock is
nonfoliated to slightly gneissic. In thin section the texture is
hypidiomorphic. The rock is composed of about 10 to 20 percent guartz,
L5 to 60 gercent euwnedral to subhedral, zoned andesine, 10 to 20 percent
potassium feldspar, chiefly microcline, and 5 to 10 percent biotitee.
Hornblende is present only in a few tomalitic rocké. Quartz and
- potassium feldspar, except where the latter form phenocrysts, tend to
be interstitial. Common accessories are spnene, apatite, allanite,
rare zircon, and sccondary chlerite and epidote. Th? presence of the
granodiorite phase can be readily detected in the asymmetric and
bimodal nature of the histograms of.the R3io Negro batholith (f;g. 5).
The distribution of accessory minerals in the granodiorite resembles
that of tonalite, excert for a difference in sphene content (fig. 6).

Small masses of tonalite within the granodiorite show compositional
and textural similarities to the masses of fine-grained. tonalite and |
diorite descrived in an earlier section. These rocks are dark,
fine grained, eqﬁigranular to slightly porphyritic, and consist of
about 10 perceat guartz, 65 percent tabular, zoned andesine which
locally forms phenserysts O to § percent microcline, 10 to 85 percent
blue-green hornblendz2, and § to 15 percent brownlsh-green bioctite.
10ceasories and zz::solary minerals are identical to those in the

Eranodiorige. The srincdiorite is cut by rare dikes of diabase and
'8ray aplite tha% re-=-5les the La Corcova Quartz Monzcnite.
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rock is generally quite weathered and fresh exposures are not readily

3 0 - ‘ 3 -
Quartz monzonive of the Rio Negro batholith

Quartz monzonite of the Rio Negro batholith is a pink to light-gray,

equigranular to subporphyritic, medium—gréined bictite quartz monzonite

consisting of about 5 percent black biotite, and approximately equal

famounts of gray quartz, white plagioclase, and orange~pink to pale-pink

potassium feldspar. Porphyritic phases have phenocrysts of pink

potassium feldspar and locally phenocrysts of plagioclase also. The

accessible but may be seen along some of the streams east of the
Bucaramanga fault. The quartz monzonite weathars to a yellowish
light-gray soil that is locally orange where the rock is more mafiec.
The texture of the quartz monzonite in thin section is hypidio-
morphic. The rock is composed of 25 to 35 percent quariz, 25 to L5

percent indistinctly zoned subhedral oligoclase, 20 to LO percent

" anhedral microcline and microperthite, and 1 to 10 percent biotite.

Accessory minerals are zircon, sphene, allanite, apatite, iron oxide,
and secondary chlorite, epidote, and sericitz. The abundance and
distribution of accessory minerals are similar to those in the quartz
monzonite of the Mogotes batholith (fig. 6).

white to pale-pink granite crops°{’%eé¥ ReafsSts with the Silgara
Formation. The composition and texture of this rock is similar to that
of the main mass, except that it contains albite rather than oligoclase

and as much as 5 percent muscovite, whereas biotite and iron oxide

together are less than 2 percent.

1
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In compariscen with the quartz monzonite of the Mogetes bathelith,
{the guartz monzcnite of the Rio Negro batholith is less pink, somewhat
:more biotitic, and potassium feldspar is microcline rather than micro-
?perthite.

o Two X-3r age determinations on biotite from granodiorite near

- Santa Cruz (LMi-108%h, table 2) gave ages of 172%6 m.y. and 17716 m.y.

]

ior Middle to Early Jurassic. This age is about 20 million years

j

Eyounger than the ages of the other batholiths dated in the zone with
iwhich the Rio Negro batholith had been thought to be roughly coeval.

= Accordingly, the Rio Negro batholitn is shown as of Jurassic age on

- plate 1. The quartz monzonite is presumably
'penecontempofanéous with the granodiorite, although field relations
;suggest it might be slightly younger. In spiie of the biotite age,
the rocks of the Rio Negro batholith are included in the Santander
Plutonic Group because of their petrégraphic similarity to other rocks

in the group.
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Rhyolite in the Bocas rormation

Sheets of apparently intrusive rhyolite rancphyre, and treecis
Ly b 3

: '14e within the Bocas Formation in northern H-12 west of the

s ?Buca;amanga fault,

|
!

5—3 The rocks are greenish white, pale tan, light gray, purplish gray
|

4

to pinkish gray, and aphanitic, porphyritic or fragmental. Breccias

;contain g}eenish-gray, pinkish-gray, and red fragments. Some of the
* . rocks have prominent gray spheroids with white rims in apAaphanitic

! Egrayish-white matrix with rare green mafics. Scattered small pyrite

3

>- crystals are present in some samples. Some rocks are flow banded.

'

“e

; In thin section many of the rhyolitic rocks have a spherulitic
g .

" itexture similar to phases of the Pescadero granite, others are fine-
| ;

3

igrained aplite composed of plagioclase, quartz, and prthoclase with
irare opaque minerals and traces of zircon.- Small clusters of orange
** biotite are present in some samples., Porphyritic varieties have
. Phenocrysts of quartz and orthoclase. Samples of breccia have
;fragments of the rocks described above. Some fragments contain
gspherulites, others are aplitic. Some contain tiny laths of plagio-
%Clase. Abundance of mafic minerals differ from fragment to fragment
|

“71in the breccias. Some fragments appear to be of sedimentary rock with

clastic quartz grains. Much of the opaque material present is red-

%brOWn oxides of iron. Where present orthoclase phenocrysts are

T .
+ Perthitic., Plagioclasz has low relief and appears to be albite or

8odic oligoclase. Zircon is about the only identifiable accessory
Mineral, Fraciures in some specimens are filled with quartz and less
Somnonly with fine-grain ed biotite.

13
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Felsic, mafic, and lamprophyric dikes are common in the batholithe
-and plutons of the Santander massif and in the adjoining rocks. Most

. appear to be differentiates or otherwise.genetically related to the

".rocks of the major batholiths and plutons, because they bear

(4

inéralogical and textural similarities to them. Aplite, pegmatite,
and felsite porphyry dikes similar in composition to the host rock are
comnon in the quartz monzonitic and granitic rocks. Lamprophyre dikes
are also common. Dikes of fine-grained tonalite, fine-grained &iorite,
or andesite porphyry predominate in granodioritic and tonalitic rocks.
Dikes of a distinctive dacite porphyry, basalt, and diahase are . more
restricted  and do not seem to be related ho the batholithic
Asuite. A few of thé dikes are shown on the geologic maps, but most are

too small or too clbsely grouped to be shown and have been omitted.
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- normally present, as well as iron oxide and alteration products. In

Felsic dikes ,~~Felsic dikes other than aplits and pzgmatiie, somes of

which have already been briefly described or menticned (ses Duraniz
granite, for example) range from rhyolite porphyry or vitrophyre to

dellenite (quartz latite). Rhyolites are white to pale pirk, light

.. gray, or gray black to gray green wkere arhanitic. Phenocrysts of
‘albite to sodic-~oligoclase, rounded quartz, and less commenly ortho-

clase are set in a cryptccrystalline, spherulitic, or granular matrix

of quartz and feldspar, plus unresolved semiopague material. Graphic

texture is present in some specimens. A few flakes of biotite are

dellenites, phenccrysts are predominantly oligoclase, with some quartz,

and minor orthoclase. The matrix is similar to the rhyolites but is

generally rnicroaplitic rather than cryptocrystalline or spherulitic.

Dellenite dikes are particularly prominent in the Santa Barbara Quartz

" Mongondte southeast of Berlin, but they also - are found in less well

exposed areas cf this and other guariz monzonitic batholiths and

latively abund
Plutons. Felsic dikes arer7 et Pasdidero and Aratoca, but only

a few of those near Pescaderc could be shown on the geqlogic map.

L o L e AT e s s




bind
&)

clase forms small phenocrysts in some sarmples.

Mafic dikes.~ -Fine-graired, gray to dark-green, equigranular to locally
porphyritic dikes cf andesite and fine-grzined dicrite are common in

the grancdiorite of the Rio YNegro batholith as well as in the Mogotes

batholith and in the areas of the La Corcova Cuartz Menzonite. In

- porphyritic dikes phenocrysts are commonly zoned subhedral andesine or

‘euhedral hornblende crystals smaller than the plagicclase set in a
diabase matrix of plagicclase and hornblende. Trace amounts of quartsz
are present in some samples, and pigeonite was found in one.

Accessories are sphene, iron oxide, apatite, biotite, and alteration

products are chlorite, epidcte, and calcite.

Lamprophyre dikess~~ Lamprophyre dikes are common in the Mogotes and

Rio Negro batholiths. They are fine grained, dark gray, siightly
‘porpbyritic with small hornblende phenccrysts. The texturc of the
:groundmass is subdiabasic; laths of méstly saussuritized plagio-
clase and greenish-grown hornblende are commonly altered to chlorite,
and quartz, in amounts of 10 to 15 percent, is present as interstitial
grains as is minor orthoclase. Minor biotite is usually chloritized.
Apatite,.sphene, allanite, iron oxide, epidote, and chlorite are the

common accessories. Zircon is rare. Normally zoned euhedral plagio-

Dacite porpihyry.--Dikes of dacile porphyry are common in the

California district. These dikes are the only igneous rock in the zone

‘that cut rocks of Cretacecus age. East and southeast of Cachiri these

vdikes cut the Giron Formztion cf Late Jurassic age and the overlying

i

Tambor Formation of Early Cretccecus are.
i
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The dacite porphyry is gray, fine grained to aphanitic with
preminent large euhedral plagioclase phenocrysts as much 2s 2 cm .onE
and rare smaller phenocrysts of rounded quartz and amphibole. Thc
plagioclase is zoned and complexly twinned andesine or calcic oligo%

s~ clase. Maiic minerals are generally altered, but some chlcrite is
Epseddomorphic after hornblende. Hornblende preserved in one specimen

is a jade-green cclor. This same specimen was the only cne with

}

potassium feldspar as irregular grains in the groundmass. The growd

mess in thin section is composed of a moszic of fine-grained quartz

. and plagioclase. Accessory minerals are sphene, apatite, iron oxide,

and rare allanite. Alteration products are sericite, calcite, and
chlorite. A similar rock with smaller (7 rm) plagioclase phenocrysts
Aﬂas observed just eést of the Bucaramanéa fault near R{o Negro. This
rock, too, has brightAgreen'amphibole as rare phenocrysts and smaller
- grains in the groundmesse

Basalt and diabase.-=A few black to deep-gray-green aphanitic to

fine-grained dikes of basalt and diabase are present chiefly along the

Bucaramanga front on either side of the Bucaramanga fault. They cut

r
‘high-grade paragneiss east of Bucaramanga and the Rio Hegro batholith

] ’
north of Rio Negro; they are found in the area of intrusive rhyolite
'west of the Bucaramanga fault in northern H-12, and cut the Jordan
, :
§F0rmation as dikes and sills near Rio Negro and Mesa de Los Sanvos.

Similar dikes are widelv scattered though sparse elscvwhere in the zcxne
cut rocks
and/neafl?’éé‘high in the cectioa as the Giréh—Tambor boundary. Some
of the dikes, particularly those in the secircntary rccks, are SO
altered that their initial composition caiwot be deternined.



The fresher rocks have a aiabasic texiure wiin labradorite laths
and intergranular diopsidic augite or pigeonite. Chlorite and irom
oxides plus calcite and epidote are alteration products. The altered
"_mafié ignecus sills and dikes in the Bocas and Jordan Formations west
of the Bucaramanga front have features and alteration products similar
to the fresh rccks and are probably also diabase. One sill in the
Jordan Formation near R{o Negro ccntains interstitial potassium
feldspar.

Altered dikes, possibly originally diabase, have altered
platioclase iaths in a chleritic matrix or with intergranular pyroxene.

Larger chlorite flakes are pseudomorphs of mafic mineral phenocrysts.

Age of dikes, - -The aplites, pegmatites, rhyolites, and dellenites, as

el R,

well as the lamprophyres and mafic dikes, all are progably
contemporaneous with the | méjor batholiths and, therefore, are
Jurassic-Triassic in age. The dacite porphyry of the California area
is post-Early Cretaceous in age and may correlate with porphyry in the
Ocana area which has been dated as 127%3 m.y., or Early Cretaceous |
(IMN-10953, table 2). Other felsic dikes assigned to the Triassic

~ might be also Early Cretaceous. The basalt and diabase are Jurassic

or yourger. If the emplacement of these rocks was controlled by
movement on the Bucaramanga fault (see section on structural geolcgy),

their age may be much younger.




t

' batholith are in large part due to lateral displecement on northeast-

. apparently flanked by a swarm of dikes, and the second has many

g
|
|
L

Structure of the igneous rocks
The batholiths and plutons of the southern half of Zcne 111 have
a pronounced north-south alignment (fig. 4 and plates). Most 3
striking in this regard are the Santa Birbara batholith and the La |
Corcova pluton. Tﬁe Mogotes batholith ﬁas a remarkably straight
western border and the R{B Negro batholith has fairly straight
segments along its eastern border. The irregularities in the eastern

and western contacts of the La Corcova pluton and the Santa Barbara

striking faults, The Pamplona pluton and some of the smaller stocks
have a general north-south alignment. ;
The eastern and western contacts of the batholiths and plutons

1

are relatively sharp with few apophyses. Exceptions are the La !
!
|

|

Corcova Quartz Monzonite and the Durania Granite, The first is

pegmatite dikes in a wide contact zone. The straightness of the north;
i

south contacts suggests that these are fairly steep. é

Some of the contacts are faults., The Bucaramanga fault cuts off

the Rié Negro batholith on the west and the Mogotes batholith on the

east, and cuts off the southern end of the Santa Barbara batholith,

Part of the east contact of the La Corcova pluﬁon is a fault, and

1ts west contact is mylonitized for about ten kilometers necar

its southern end. Mylonite also crops out at its eastern contact east

of Los Curos on the Rio Manco.

S,
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The northern and southern ends of the batholiths are less straight

where rot cut off by faulis. The wide contact zcne in which

i granodiorite of the R;o Negro batholith has incimately intruded the
%Bucaramanga Gneiss near Santa Cruz, (quadrangle H-12), is located at &
i place where the coqtact of the batholith tronds nesrly east-west. The
norﬁh end of the La Corcova Quartz Monzonite is similarly quite
1rregula£. ‘The south contact of the Mogotes batholith has an irregulaf

. pattern suggesting that the contact dips south at a low angle. This

view is supported by the observation that this part of the batholith

~
4

and the adjacent metasedimentary rocks are shot full of dikes. This
i contact zone in the metasedimentary rocks, however, {s no more than
i 1500 m wide. The.north end of the Santa Barbara batholith broadens
' near Berlin where a'roof pendant of metamorphic rocks partly separates
1the main mass from an equant area of the quartz monzonite southeast of
'Berlfn. The presence of quartz monzonite about three kilometers !
southeast of El Portillo (121 1-3, C-11 NW) in a small exposure
surrounded by quartz monzonite-wash at the base of the Giréh Formation
suggests that the granite lies at no great depth under much of this
\“Orthern area., The general map pattern of the north end of the Santa
®-| Barbara batholith suggests that its surface is spoon-shaped, plunges
southward, and is tilted’to the east so that the west contact is
XSteePer than the east contact. The shape of the batholith at depth is
unknown. Possibly the northern contact dips to the south following the
grain of the metamorphic rocks., However, & small plug Qf quartz

ahi:OhZOnite lithologically similar to that of the Santa Barbara batholith
L.crops out about 10 km north ofﬂBerlin,“aAyelatjonship_that suggests a

northward rather than a southward dip. T e A
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~ These relations imply the presence of a fundamental north-south

The alignment of the batholiths suggests a strong north-south

| structural controi of their emplacement. As the Santander Flutonic

Group is of Jurassic to Triassic age, this control has to be Triassic
or older. Jurassic sediments which contain material derived from the .
batholiths were deposited in elongate north-south trending troughs,
possibly bounded by faults (see p. 584 ). Structural control of these
troughs is possibly inherited from or is a continuation of the same

control that guided the emplacement of the Santander Plutonic Group.

: structural grain to this part of the Cordillera Oriental during the

Triassic period. Such a structural grain appears to have prevailed
on Into the Tertiary and Quaternary as is evidenced by the position of
the Magdalena Basin. ) _
- Little information is availabie on structural features within the
batholiths. Dike swarms in the southern end of the Mogotes batholith‘
trend generally east-west although some north-striking dikes have beén
observed, 1In the Pescadero area dikes are oriented either roughly
tast-west or north-scuth to north-northwest-south-southeast, Near the
ndrthern end of the Santa Bgrbara batholith, dikes trend north-

Rortheast and northwest. Flow banding and other primary structural

features within the batholiths were not mapped,




SEDIMENTARY ROCKS

Because they are the scurce of tha country's potroleum and natural
gas, the rocks of the Cretaceous and Tertiary systems are the best
known, and the units mapped during the present survey are those

recognized in the petroleum-producing areas of the middle
Magdalena Basin tc the west and the Maracaiﬁc Basin to the northeast.
The pre—C?etaéecus rocks, which are considered "basement" rocks by the
petroleum industry, are less known and consequently have been the source
of the most problems and have received the most original'study during
the investigations reported here.

The post-Paleozoic sedimentary rocks display no noticeable
alteration of their sedimentary characteristics due‘tc metamorphlc
processes, which is in contrast to the Paleozoic rocks where, with
increasing age; the sedimentary character has been altered to phyllite,
schist, and gneiss by regional dynamothermal metamorphism. The
Devonian rocks are the oldest ones that retain enough of their sedi-
mentary character to be recognized more or less generélly as a forma-~

tional unit with definite upper and lower boundaries.

. T
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Rt - Devonian svstem

Floresta Formation

The name "Floresta Series" was first

introduced into the literature by Caster (1939, p. Ib) for Devonian
beds discovered by A. A. Olssen and Teofilo Ramirez in 1935 (Dickey,
1941, p. i789) in the vicinity of the viliage of Floresta in the
DepartmenF of Boyaca. Caster's work was the first detailed study of
the fossils of the Floresta beds. Since then other studies have been
made by McNair (1940), Caster (1942), Royo y Gomez (1942){_and a study
of the Floresta and adjacent areas by Botero (195@. Botero intro-
duced the name Floresta Formation for the Devonian beds that 6verlie

. schists ahd gneisses and which are overlain by clay slates
and argillites of the Cﬁché’Formation of Permian and Carboniferous age,
which crops out apparently only in the Floresta area. On the basis of
abundant fossils, the age of the Floresfa Seds has been genérally
recognized as of Middle Devonian. Since the Devonian beds were found
at Floresta, beds with similar fauna and lithology have béen found

widely in the Cordillera Oriental of Colombia, including the area re-

ported here. A summary of the present knowledge of the Devonian faunas

has been published by Morales (1965).
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In the area of this report, mention was made by Hukach (1957, p.
70) that beds underlying the Cretaceous strata north of Guaca may be of
Devonian age. During the course of the present survey, Devonian beds
were found a few kilometers north of Bucaramanga vhere pre-Mesozoic
rocks are exposed in a small area west of the Bucaramanga fault.
Because of limited exposures and complicated structure, it was not
possible éo measure and describe a section in the usual manner. How-

ever, descriptions made at several places reveal the general character

of the formation in its relatively unmetamorphosed state, i-
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xxDescriptinns of exposurss of the Floresta Porzaticn

which outline i1ts general stratigraphy about 6 kllcometers

north of Bucaramanga, Department of Santander. (made by

A. Castro, Octobar, 1968)

l. 014 Bucammanga-Rfonegro highway, east ¢f the Jjunction
with the new highwey (planchita 103 IV-C, D-15 SE)
Diamante Formetion (lower beds only): .

Sandstone, dark-purvle and gray, hard, silty,
Qlightly micaceous, fine- to very fine grained,
thin tedded; interbeds of medium-hard, frieble,
argillaceous purple siltstone, N. 38° E.?,

670 SE.? . * L4 L] L 4 - . L] [ 4 L4 . L] L] L4 L] . L] L L4 * *

- w e e e ee ACONIOrMitys = « - - - - - - -

1

Florests Formation:
Argilliite, purplish-greén, hard, siliceous, thin-
Dedded. v « o 4 s 4 e o e b e e e e e .
Sandstone, greenish-gray, hard, micaceous, medium-
grained, in beds up to 50 cm thick,

. 3° E., 67° sE.

L J - L L] L d * L] L L] L L4 [ ] L] L4 L] L
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2. Bucaramangs-Rionegro highway, (planchita 109 IV-C,
D-15 Center) |
Floresta Formation:
Sandstone, purplish-gray, hard, meéium—grained,
’ feldspathic, slightly micaceous, thin-bedded;
interbedded near the top with thin-bedded sili-
ceous argillite, N. 45° E., 182 SE. v e e e

(Quebrada La Lomera, which contains alluvium, lies

between the exposures described above and those

that follow., This gushrada rarks the northein end

of the regionsl Suirez fault that terminates at the

Bucararanza fault.)

Meters

iy
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PR —————

Quebrada Santuario, frcm the confluence with the
Quebrada La Lomera upstream northwestward for
600 m to fault contact with tke Bocas Formation
(plenchita 109 IV-C, C-15 SW)
F].bresta Formation:
Siltstone, greenish-gray, hard, argillaceous, -
thin-bedded. o+ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o o ¢ o o o
Covered interval o o o o ¢ o o o o o o o o o o o o«
Claystone, dark-gray, silty, micaceous, N. 81° E.?,
Siltstone, dark-gray, hard, argillaceous, slightly
ca.lcé.reous, micaceous, fossiliferous, with
fregments of bryozoans, brachiopods, and tril-
OBILES o v v o v e e e e ae e e e e e e
Covered Interval .« o o o o o o o o o ¢ 0 o 0 o o o
Cleystone, gray, silty, micsccous, slightly calcarec-:,
N.15°E.,vert1cal.. ¢ o 6 o e o o o o o
Covered interval .....v...'.........
Claystone, dark-gray, silty; contains pyrite in
disscninated grains anddlong joints and fractures,
N. 3%E., vertfcal « v o o o o o o o o o o o o »

Cweredinterval.........'........

-}



Siltstone, dark-gray, hard, argillaceous, mica-
ceous, thin-bedded; contains veinlets of celcite,
Ne22°We, TOHE. o v v v v oo v oo v o en

Covered interval . ¢ o ¢ ¢ o ¢ o o o o o o o o o

‘Siltstone, dark-gray, argillaceous, micaceous,
thin-bedded, N. 15° W, T8 ME. v v v v v o o &

Coveredintervai © s.0 5 8 s e 8 s s s s e s o o

Limestone, dark-gray to black, hard, fine- to medium=
cnxstalline, in beds of 50-60 cm; contains veinlets
of caleite, N. 10° E., o

Covered interval (fault contact with Bocas

Fomaﬁion) 5..-_.--;-.....

Bocas Formation:

Colluvium with angular fragments of hard, yellowish-
grey, plane-bedded feldspathic sandstone and

yellowish-gray siltstone . « o« o o o o o o o o &

-




Considering the width of the belt in which the above-described

exposures occur and the generally steep dips that were measured, but
disregarding the unpredictable effects of faulting; the thickness of
the section is estimated at 350 to 400 meters. At the type section
near Floresta, 145 kxm south of Bucaramanga, the thickness of the for-
mation is estimated at 600-700 meters (Botero,léso, p. 259). The
formation is not highly resistant to weathering and tenés to form
rounded topography without conspicuous relief.

The normal contact of the Floresta Formation with underlying rocks
is not knoﬁn in the Bucaramanga area, but about 2 kilometers west of
San Joaquin, where the Floxesta presumably overlies pre-Devonian meta-
morphic rocks (planchita 136-I1I-C, H-13 W1/2), massive beds of con-
glomerate with sub-rounded pebbles of white quartz form a basal section

20 meters or more in thickness.
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Jorth of Bucaramanga, the boundary between the Floresta and the
overlying Diamante Formation is not well-exposed or well-defired even
though this contact is apparently one of.hnconformity. However, the
fine-grained beds of the Floresta are noticeably argillitic, slaty or
phyllitic as compared with the claystones and siltstones of the
Diamante.‘ The fine-grained rocks of the Floresta Fﬁrmation tend to
display phyllitic surface textures, and this is usually more noticeable
east of the Bucaiamanga fault.

Tha fossiliferous bed found in Quebrada El Santuario is poorly
exposed, but 600 meters to the north, highly fossiliferéus beds crop out
on the upper slopgs to the west of Quebrada La Lomera (109 IV-C, C-15
NW). Apparently the calcareous fossils and cement have been leached
from a hard, calcareous siltstone leaving a rather soft, porous, light
Yellowish-brown rock with abundant molds and casts of fossils that are
mostly fragmentary. Bryozoans are very abundant, brachiopods are
common, corals, trilobites, and gastropods are relatively rare. Samples
Were submitted to the U.S. Geological Survey from this location and

Yielded the following information:




Paleontologist reporting: J. T. Dutro, Jr., 6/27/67

Samble Nos.: RV-520 (USGS 8003-SD), RV-521 (USGS 8C04-tD),

RV-522 (USGS 8005-SD), RV-523 (USGS 8006-SD), RV-524

(USGS 8007-sD), RV-525 (USGS 8008-SD), RV-526 (USGS 8009-

SDb), RvV-527 (USGS 8010-SD), ST-1049 (USGS 8011-SD)

location: Planchita 109-IV-C, C-15 NW

<

Stratigraphic Range: (Late Early Devonian, possibly equiva-

lent to the Schoharie interval in the eastern United

States)

Fossils contained:

bryozoans:

brachicpods:

fenestrate and ramose, undetermined

chonetid, indeterminate

1
schuchertellid, indeterminate
rhipidomellid, indeterminate

Australospirifer sp.

Australospirifer cf. A. antarcticus Morris

and Sharpe

Atrypa? sp.
Athyris sp.

Elytha colombiana Caster

Cynostrophia? sp.

Eodevonaria imperialis Caster

Leptacna boyaca Caster

Megastrophia sp.

Schellwienclla? sp.

S ke e e




According to the report, most of the identifiable species are the
same as those described:by Caster {1539) from the Floresta area. The

lithologies of the fossiliferous beds are also quite similar.

Pholidops sp.

Dictyostrophia cf. D. cooperi Caster

corals: tabulate, indeterminate
rugose horn, indeterminate
syringoporoid, indeterminate
trilobites: Phacopina? sp. (free cheek)
Phacops? sp.
echinoderms: debris, indeterminate -
ostracods: Vundetermined

gastropod: high-spired, undetermined




- Fossiliferous beds that are éhoughf to be of Deyonian age have
been found in several other places in the report area:

North of Guaca, planchita 121-111-B, C-2 NE

East of Guaca. planchita 121-111-B, F-5 SE

Northeast of San Andrés, planchita 121-111-D, C-4 SE

Southeast of Mogotes, planchita 136-111-C, G-10, G-12 SW, H-12 N1/2
Except for some of the bryozoans, deformation of the peds has usually
distorted the fossils beyond recognition.

In the northern half of Zone EII, Floresta beds were found during
the field checking of photogeologic maps during the contract period
with Geophoto Servi:es. Inc. In planéhita 76-I-D, the beds are ex~
posed north of Las Mercedes along the main highway to ConvenciGn and
along the road from Las Mercedes to Teoxama. Fossiliferous samples
were collected about 1 kilometer north of Las Mercedes (planchita 76-I-
D, G-7 SW) that appear to be identical in fossil content and lithology

to those submitted for study from north of Bucaramanga.
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Metamorphosed Fioresta Formation.--Very lightl: mecta-

norphosed Floresta Formation overlies the Silgara Formacion

near Mogotes and San Joaquin in the southwestern -

part of the map area in quadrangle I-12 and I-13. Because meta-
morphism in the Silgaré Formation in this area is fairly low grade,
it is difficult to distinguish the two formations in the absence of
eprsures of the basal beds. R. Calpa (written commun., 1968) has
indicated that approximately 750 to 1,000 meters of the Floresta
Formation is present near Mogotes. Fossiliferous horizons lie

an estimated maximum of 250 to 300 meters above the basal sandstone
and conglomerate in dark-gray marble and in gray and dark-gray
phyllitic argillites and calcareous metasiltstone. Associated iight
gray marble is Earren. Bryozoans from the Floresta hare have been

identified by Srta. Diana Gutierrez of the Servicio Geologico

Nacional, Bogota, as types common in the Devonian.
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The Floresta Form

the east sides of the

ation occunies an extensive belt atond

Mogotes and Santa Barbara

batholiths in

quadrangles 1-13 and H-13 rocks probably belonging to the Floresta

Formation crop out in
Mutiscua. The Florest

belt shows a very low

the northern part of the m

a Formation in the souther

ap area north of

n part of this

grade of metamor?hism, but its metamorphic

grade increases northward, although aéparently t

reached 1is still withi

of Berlfh and southwes

n the greenschist facies i

t of Silos.

he highest grade

n the area southeast




The Floresta Formation in the belt from Covarachia to Silos is
well exposed west of Guaca on the road from Guaca to Los Curos and
north of Guaca on the road from Guaca to Berlin west of Baraya and
northeast of El Portillo. Howhere has the complete section been
seen with certainty, although the base of the formation may be
present southwest of Molagavita, and southwest of San Andres. Dark
graphitic slately phyllites 1ow; in the section in some places are
associated with marble and fossiliferous beds. The section shown

in figure 7 is probably representative of part, rrobably the Tower

part, of the Devonian section in this belt. The marble is dark
gray to light gray and is similar to that in the Mogotes area.
Conglomerate and quartzite are present in the slopes west of San
Andres, but it was not determined if these beds are basal.

Higher in the section are greenish-gray to tan mcta-sandstone, meta-
siltstone and silty phyllites. Purplish-gray argillite is present
locally. Light-gray and dark-gray marble similar to that in the
Mogotes area crops out near Molagavita, a few kilometers north of
Guaca, north of E1 Portillo, the Silos area, and near Mutiscua.
Fossils were found in the Covarachia area (136-I1I-D,E-15),

- -

Molagavita area (136-I~g, D-2, E-2). North of Guaca (121-III-B, C-2),

~

and north of E1 Portillo (121-1-5, E-4, F-3). The assemblages Consist

Principally of bryozoa and crinoid fragments.

-
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The thicknes

¢ of the formation in this belt along the east side

of the massif is almost impossible to estimate because of the

folding and faulting. The width of outcrop suggests that the

Burcaramanga area.

formation might be thicker here than in ‘the Mogotes area Or in the

The contact with the underlying Silgar&'Formation

is in some places clear, but throughout most of the belt it 1is

indistinct, particularly in the area from north of Gu

The contact in this zone is somew

aca to Silos.

hat arbitrarily drawn to include

the fossiliferous marble beds and associated black phy111te;which

are considered to be near the bas

black graphitic pnyllitic slates and  minovr interbedded

e of the section. Near E1 Portillo,

meta-sandstone and gray s]éte lying to the east of the |

fossiliferous marble horizons seem

to pass by interbedding into

the Diamante Formatibn'of Permian age. The Diamante limestone in

this area as w

e11 as in the Mutiscua drea is somewhat recrystaliized.
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and Triassic Systems

Carboniferous, Permian,

Surata Group

This. term is here used in place of '"Surata series"

s - /
which Dickey (1941, p. 1790) used for fossiliferous pPaleozoic beds

. : 4 :
which are exposed between the Rio Surata and Puente de Tierra on the

0ld highway from Bucaramanga to Bocas. The beds were mapped and a

section was measured and described by Navas (1962). The name Surata

is retained as the group name for the two units here recognized as

+

the Diamante and Tiburén Formations.
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Diamante Formation (PCd).--This unit is here named for the lower part

of the Suratd series described very briefly by Dickey (1941, p. 17S0)
and includes the lower part of the section that was mapped and described
by Navas (19262). The name is derived from quarries of Cementos

Diamante S.A. which obtains limestone for manufacture of cement from

the upper beds of this formation'a few kilometers north of Bucaramanga.
The type section is in these quarries and northwestward along the old
Bucaramanga-Rfonegro highway where it extends along the east side of
Quebrada La Mona for a distance of approximately é kilometers. This
section is described below.

A total of 440 meters of D;amante was measured at the type
.locality. Of this, the lower 139 meters 1s dark purple to dark
purplish-gray, fine- to medium—graiped sandstone of varying hardness,
and interbedded élaystone of similar color. Some of the sandstones are
feldspathic and micaceous, and some near the middle are coarse-grained
to conglomeratic with quartz pebbles upAto 7 mm in diameter. A middie
section of 97 meters has dark gray shale with interbédded dark gray
limestone in the lower half and greenish-gray silty claystone in the
Upper half. The upper section of 204 meters is dark gray, fine-~ to
Bedium-crystalline, slightly argillaceous limestone with small amounts

of interbedded silty claystone or argillacecus sandstone at some

1eVels.
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(planchita 109 IV-D, E-1 SW) and along the old Bucaramgngas

: ) :
Rionegro highway (planchita IV-C, D-15 SE and E-15 NE),.
"

Municlpality of Bucaramanga, Department of Santander.

(Measured and described by A, Castro in September, 1963)
Meters

Tiburdn Formation (lower beds only):
Conglomerate, dark-gray, hard, massive; semi-
rounded pebbles of limestone and dolomite from
the underlying Diamante Formation, and a few of
chert, 2 to 6 cm in diameter, in a matrix of
light-gray sandy 1imestone. « o « s o o o o o o o 19.k
e e .=~ ~unconformitys « = « @« @ = « - o
Diamante Formation:
Limestone, light-gray, eargillececus, slightly hard,
with thin interbeds of light greenish-gray,
calcérbus, silty claystoqe. Unit is highly
sheared and fractured, N. 15° W., 36° NE. . . . . 8.k
Cleystone, gray, sandy, calcareous,.medium-hard,
thin-bedded, with basal bed 1.2 m thick and other
thinner, lenticular beds of hard, dense, lighte
gray 1imestone . o o o o o o o o ¢ o ¢ o s o o o o . 12.3
Qaystone, gray, sandy, calcareous, medium-hard,
thin-bedded, containing lenticular beds of dark-
gray, hard, argillaceous limestone up to 15 cm
thick., Argillaceous and micaceous, calcareous,
thin-bedded, 1ight-brownich-gray sandstone near

“the middle and top, N. 45°E., 61° SE. . . . . . . .. 11.5




Meters

Covered (approx.)
17.5
Limsstone, dark-grsy, hard, fine- to medium-
cxystalliné, fossiliferous, in beds 2.0 to :
3.5 m thick; thin lenses of gray calcareous
|
chert; slight gassy odor on fresh fracture, ,
NQ l"o WD, 580 lm. * . * * * * * * * * . * . - '. 1600
Covered (approx.)
11.0 j
Limestone, dark-gray, hard, fine- to medium- §
crystelline, in beds 15-30 cm thick; contains 2
fossil frogments, N, 3° E,, 62° SE. . e e e e 15.6
Limestone, dark-gray, hard, massive, fossiliferous
with fragments of brachiopods and crinoids . . - T.0

Chert, light-gray, hard, very calcareous in beds

up to 40 cm thick. Dissolved calcite leaves ' i

porous westhered surface . . « « o«

Limestone, dark-gray, hard, fine- to medium-
crystalline, slightly argillaceous, in beds . ;
20-60 cm thick separated by t}ﬁn beds of
argillaceous, calcareous, frieble, gray sandstone.

Contains pyrite in disseminated grains and £illing

small frectures, N. 6° W., 78° XE.

L L . * L d L] L l.o

L L4 L] . L 4 L] L d . 28 ‘o




Limestone, dark-gray, hard, fine- to medium-
crystalline, slightly argillaceous, in beds
0.4-1.2 m thick. Bedding planes have thin
films of graphitic material, N. 2° W.,

Limestone, dark-gray, hard, fine- to medium-
ﬁrystalline, slightly argillacecus, in beds
10-20 cm thick, N. 10° W., 76° ¥E. e e e e

Claystone, greenish-gray, medium-hard, silty,
slightly calcarecus, in beds 5-12 cm thick,

N. 2° B., 58° SE. s s s v e e s e e a e e

Shale, éark-gray to black, weathering reddish-
breown, and dark-gray, hard, argillaceocus lime-
stone in basal 1 meter .« v .'. e e e e

Shale (50 percent), dark-gray to black, and lime-
stone (50 percent), hard, dark-gray, in beds up
to 1 meter thick. Shale is more abundant in
the upper part, limestone in thé lower part,

N. 10° E., 78° SE. e b s e et et e e e

Lirestone, dark-gray, hard, fine- to medium-
crystalline, slightly argillaceous at the base,

N. 9° E., 79° SE.

Meters

52.0

1.0

12-0 i

29.0
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(The section above is mostly in limestone aquarries;

that which follows starts 500 meters alonz strike to

the north and continues slong the old Bucaramanga-

Ridnegro hizhwey.)

'Partly covered--sandstone, dark-purple to greenish-
gray in the basal part, fine- to medium-grained,
argillaceous, feldspathic, micaceous; l-ight
yellowish-gray, micaceous and more argillaceous
in the middle part which is interbedded with hard,
violet-grey limestone in beds wp to 15 o thick.
At the top is greenish- to yellowish-gray, thin-
bedded, slightly mica.ceoﬁa claystone, N. 5° E.,
35° sE.

Partly covered--sandstone, dark-purplish-gray,
medium-hard, fine- to medium-greined, felds-
pathic, micaceous, in beds up to 30 cm thick;
middle and upper parts contain thin beds of dark-
purple, micaceous, sandy claystone, N. 2° E.,
n° sE. e e e e e et e e

Sandstcone, light-yellowish-gray, hard, medium-
grained, micaceous, in massive beds up to

- 3 m thick

L] L] L] L L] L] L] . * L L] L] L L] * L]

16.2 .

17.2
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Meters
Claystone, yellowish-gray, medium-nard, thin-
vedded; sandy, micaceous, and thicker beds
near the top, N. 26° E., 39° SE. e e e e e

Sandstone, light-ye=llowish-gray, hard, fine-
.grained, slightly micaceous, in beds up to 50 cm
thick; argillaceous, feldspathic, highly mica-~ _ -
éeous, greenish;gray near the top in beds up to
1 meter thick e e e e e e e e e e e e e e

Sandstone, dark-purple, medium-hard, fine- to very

'fine grained, argillacecus, feldspathic; mica-
ceous; medium- to coarse-grained, harder beds
at thé top are conglomeratic with quartz
pebbles up to 5-mm in diameter e v s s e o o & 4

Sandstone, dark-purple, medium-hard,.fine- to very‘
fine grained, argillaceous, feldspathic, micaceous,
interbedded with friable, purple, sandy claystone
in the lower part, and conglomeratic in the middle

with small quartz pebbles, N. 21° B., 34° SE. . .

8.2

9.5

ll‘o

22.0
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Sandstone, dark-purple, hard, medium- to coarse-
grained, feldspathic, micaceous; conglomeratic
in the upper beds with quartz pebbles up to
T mm in dianeter; fristle, silty, dark-purple
claystone in the middle, N. 20° E., 35° SE. .

Claystone, purple, silty, slightly micaceous,

friable

L4 . L4 L [ 3 ® . 0 [ 3 L L 3 L L3 L . L . [ 3 L 4 L]

Sandstone, gré.yish-purple, hard, medium-grained,
micaceous, in beds 15-40 cm thick; contains
Interbedded argillacecus siitstone, N. 20° E. ’
BIO SE. o i i e e e e e e e e e e

Sandst;one, dark-purple and gray, hard, silty,
slightly micaceous, fine=- tq very fine grained,
thin-bedded; contains mterbeddeci medium-hard,‘

frigble, purple argillaceous siltstone . . . .

Total thickness of the Diemante Formation

- e - e == eneuneonfOrMity= = = = = . - - -

Floresta Fofmation (upper beds only):
Argillite, purplish-green, hard, siliceous, thin-
bedded
Sandstone, greenish-gray, hard, medium-grained,

micacrous, in beds up to 50 em thick, N. 3° E.,

670 s]:o ’ ¢ . LI A A S A A P

L L . L4 . [ L] L . [ 3 L] L] L 3 . . L3 . L3 [ 3

Meters

. 16.2]
!

. 5.5!
. 5.5
|

. 1.0
440.0

R S i
ol b b et




The Diamante Formation is apparently unconformable over the

Floresta Formation, but the boundary has not been‘found sharply
defined. The beds of the Floresta display a slightly phyllitic
character as compared with those of the Diamante. At the top of the
Diamante, the limestone pebble conglomerate of the Tiburdn Formation
marks a sharp boundary of unconformity. |

The‘type section of the Diamante Formation is not far from the
regional Bucaramanga fault to the east, and small calcite-filled
fractures are common in many of the steeply~-dipping 1imest;ne beds.
Northward from the type section, the Diamante Formation is in contact
with the Bucaramanga fault in a low indistinct ridge that egtends for
nearly 8 kilometers. Southward from the type section it is covered by
unconsolidated Quaternary deposits of the Bucaramanga terrace and dces
not reappear béyond it except for one small fault slice exposed in
planchita 120-1I-B, D-5 SW and E-5 NW.

Fossiliferous beds are few and thin in contrast to the Cretaceous
limestones of the region which contain many highly fossiliferous beds.
F9,58115 collected from limestone outcrops in the general area of the
type section were identified by paleontologists of the U. S. Geological
Survey. Ages for tho;e collections whicﬁ could.be dated most closelv

range from Middle Pennsylvanian to Middle Permian. The following

reports were received:

I+




Paleontologist reporting: R. E. Grant, 3/27/68
Sampie N-. DW4/68 (IMN 1385C); Location: planchita 109-IV-D,
F-1 NW

Stratigraphic range: Permian

- Fossils contained: brachiopods: Kochiproductus sp.
Neospirifer sp.

Waagenoconcha sp. {most

common in Middle Permian)
crinoids: numerous columnals and some
L plates
Sample No. DW5/68 (IMN 13851); location: planchita 109-IV-~D,
3 Fl SW
Stratigraphic range: Late Paleozoic
N Fossils contained:

brachiopod: Linoproductus sp.

bivalves: see report next following
crinoids: numerous colummals, indeterminate
echinoids: spines, indeterminate

g |




Paleontologist reporting: John Pojeta, 5/17/68
Sample No. DW 5/68 (IMN 13851) (USGS 23268-PC)
Location: planchita 109-IV-D, F-1SW ;
Stratigfaphic range: Late Paleozoic
Fossils contained:
pelecypods: Myalina sp.

Aviculopecten sp.

nuculanid pelecypod of the Phestia~Polidevcia

type
Paleontologist: J. T. butro, Jr., 6/4/68

Sample No. DW 40/-8 (IMN 13908) (USGS 23332-PC)

Location:  planchita 10S-IVv-C, D-1S5 NE '

Stratigraphic range: Pennsylvanian, probably Middle
Penhsylvanian; resembles fauna described from Tarma Group
of Peru by Newell and others (Geol. Soc. America Memoir
58, 1953) | N

Fossils contained:

brachiopods: Cancrinella? aff. C. villiersi. (d'Orbigny)

Anthracospirifer aff. A. opimus (Hall)

Composita aff. C. subtilita (Hall)

Cleiothyridina cf. C. barbata Chronic

echinoderms: debris, indeterminate
tabulate coral: Chaetetes? sp.
bryozoans: fragments, indeterminate

worm tubes: indeterminate




Paleontologist reporting: R. C. Douglass, 6/13/68

Sample No. DW 32/68 (IMN 13907); Location: planchita 102-IV-C,

D-15 NE .
Stratigraphic range: Early Permian (late Wolfcamp equivalent)
Fossils contained:

fusulinid foraminifer: Monodiexodina sp.

Sample No. DW 43/68 (IMN 13911); Location: planchita 109-IV-D,
E-1 sw | B

Stratigraphic range: Early Permian (late Wblf;amp to eaily
Leonard equivalent)

Fossils contained:

Schwagefinid fusulinids resembling thick-walled Parafusulina

Sample No. Dﬁ 44/68 (IMN 1%912); Location: planchita 109-IV-
D, G-1 NE
Stratigraphic range: Middle Pennsylvanian ;
Fossils contained:
foraminifers: Climacamina sp.

Bradyina sp.

Fusulinella sp.
) i




e e

Foraminifers are reported here from the Diamante Formation for
the first tiﬁe. The other fossils, principally brachiopods, were
gtudied previously by J. S. williams and reported by Trumpy (lééB, p-
1294) to be of either Mississippian or Early Pennsylvanian age.

The limestone section of the upper part of the piamante Formation
;indicates that at least this part of the unit was originally widespread,
‘but that subsequent erxosion has removed all but mther limited remnants

in the mappgd area. Dark gray limestones that are thought to be part
of this section crop out intermittently about 40 km east of the type
section in a belt in quadrangle H-13 that extends approximately 35 km

' north-northeast from El portillo in b-5 SW to Mutiscua and beyond in
ib-B_E-1/2. The unit overlies pevonian rocks and is in turn overlain

. by beds of Triassic (Bocas Formation), Jurassic (Girgh Formation) or
ECretaceous {Tambor Formatioﬂ) age. ‘'rwo single specimens of brachiopods
that were found were submitted to the U.s. Gaological Survey: ‘

pPaleontologist reporting: R. E. Grant, 3/27/68

Sample No. DW 3/68 (IMN 13849) (USGS 23266-PC)
Location: planchita 121 1-B, I-6 SW ) ‘
Stratigraphic range: permian (Leonard equivalent)
Fossils contained:
brachiopods: Meekella ép. (resembles those of Leonard age
in southwestern u.s.)
cf. Orthotichia sp.

No report was received on two single specimens of horn corals

from

the same locality.

162
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rhe limestones show evidence of recrystallizaticn to coarser
calcite which tends to obscure finer features of the fossils. Near
Mutfécua, the recrysﬁallization is much stronger and the rock displays
textures approaching that of marble. North of Mutfécua, phyllitic
‘.:shales occur in some places at the top of the Diamante, underlying
Cretéceous rocks.

At Ei Portillo, some of the beds of the Diamante contain dolomite,
Barite mineralization‘occurs in one such zone in veins sufficiently
large to be mined in small surface pits. Another dolomite zone ébout
10 meters thick occurs lower in the section and is exposed for a dis-
tance of about 100 meters.

On the basis 6f similar fossils and lithologies, the Diamante
formation is correlaéed with Carboniferous and Permian rocks in northern

Colombia. C. Tschanz>(writﬁen commen.) describes folliliferous rocks

near Manaure, at Rio Seco north-of Valledupar, and in the Chundua

-~

mountains, that are all assigned to the Carboniferous. This confirms

earlier mention of Carboniferous rocks in the Serrania de Perija by
~

Trumpy (1943, p. 1295) and of Carboniferous and Permian rocks by

Miller (1962, p. 1571). ' ‘

i
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Fusulinids of permian age have been reported frcm unnamed beds

aear Manaure in the Serran{; de‘Perii;, Department of Magdalené
(Thompscn and Miller, 1949), which are of an age equivalent tO Wnlfcamp,
Leonard, and Guadalupe of West Texas. Other fossils are zbundant,
including crinoids, brachiopods, gastropods, and c;phalopods (Trumpy s
1943, p. 1925; Miller and Williams, 1945) .

/
Tiburon Formation (TrPt).—JThis unit is here named for the upper

part of the Suraté series of Dickey (1941, p- 1790) and includes mostly
massive beds of conglomerate with pebbles of limestone from the under-
lying Diamante Formation imbedded in a fine -grained gray, galcareous
matrix. It corresponds to the calcareous conglomerates in the upper
part of the section measured and described by Navas (1962). The name
{s derived from the Club Tiburones which is near the best exposures

of the unit about 2 kilometers north of Bucaramanga. This éection is
described below.

Because of the covered intervals, the~mea5ureme§t of a.continuous
section was nct possible. The thic#ness of exposed beds totals 212
meters. On the basis of the attitudesA.meashred in the belt of
outcrops, which is about 600 meters wide, the Tiburon Formation 1is

estimated to be from 450 to 500 meters thick at the type locality.




Meters
iUpper beds of the Tiburdn and those of the cverlying unit, ;
which is probably the Bocas Formation in this area, are

covered by Quaternary deposits of the Bucaramanga Terrace;}

Tiburdn Formation:

Conglomerate, gray, hard, with abundant pebbles of. =
gray limestone, some of dolomite, and few of sand-
stone, 3-18 cm in largest dimension, firmly embedded

in watrix of fine- to medium-crystalline limestone, .

in beds up to 1 meter thick S - X

Siltstone, gray to dark-gray, medium-hard, calcareous,

argilléceous, in beds up to 1.2 m thick, )
N. 120 E.’ 62° SED L] L] L - L] L] L] L] . . L3 L ] L] L d * Ll h.2!

covered intew&l e o o o s s e e e e o e &

-

Limestone, dark-gray, hard, slightly argillaceous, fine-
to medium-crystalline; 5 m of hard, gray limestone

pebble conglomerate near the middle, N. 22° E.,

h?o SEA 3 . . . . L] e s . . L] e o s e . . . . 23.0.




Siltstone, light-gray, medium-hard, argillaceous,
calcareous, slightly micacecus, conglomeratic
near the base with limestone pebbles up to
12 cm in diameter; near the middle are irregular

| lenses of similar conglomerate up to 0.8 m thick,
with abundant limestone pebbles and few of

dolomite and sandstone up to 6 cm in diameter. . . .

Covered interval

L . . L] L] L] * L] * L Ld L] ® * *® L L]

Conglomerate, dark-gray, hard, massive, with pebbles
of limestone, few of sandstone and very few of black
calcareous chert, from 1-14% cm in dismeter, mostly
2-5 c;;m, in matrix of fine- to medium-crystalline’
limestone; near the middle are 7.5 m of light-gray,
slightly argillaceous‘ limestone, n;edium-hard, 1#
beds 1.0-1.5 m thick . . . .

[ ] [ ] . . . L L J L ® L [

Covered interval

Limestone, light- to dark-gray, medium-hard, argilla-

_ceous, slightly micaceous, in beds 30-45 cm thick,
N. 4° E., 64° sk, ..

Conglomerate, dark-gray, hard, massive, with pebbles
mostly of limestone, few of dolomite and sandstone,

from 1-8 cm in diameter, in matrix of fine-crys-
talline light-gray limestone. « « « o« « ¢ ¢ ¢ o o o o

[ I D S I S S A S T L PR
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Meters
Covered intervel e s o o s s o s s s e o 8 s s . ?
Conglomerate, dark-gray, hard, massive, with pebtbles
of hard, gray limestone that reach ccbble size
(up to 22 cm) near the baze, in matrix of fine,
" 1ight-gray limestone; some pebbles contain frag-
o o (approx.)
ments of crinoids, N. 2° E., 65 SE. e e o.6 o o s 30.0
Covered interval ..........;..s... ?
Conglomerate, dark-gray, hard, massive, with pebbles
mostly of limestone from 2-12 cm in dianmeter,
mostly . 3-5 cm, in matrix of fine, light-gz'-a;; linz-
stone; near the middle are 8 m of light- to dark-
gray, medium-hard, argiliaceous limestone in beds
0.8-1.5 m thick, N. 6° W.7, 56° NE. c e e e e. 215
Covered interval 7

(The basal part of the Tiburdn described below is abave

the type section of the Diamante Formation in plan-

chita 109 IV-D, F-1 NE.)

Conglomerate, dark-gray, hard, massive; pebbles are
mostly of gray limestone‘ from 0.5-8 cm in dismeter,
mostly 1-3 cm, in matrix of fine, light-gray line-
stone; some pebbles are fossiliferous with fusulinids

and fragments of brachiopods and crinoids « « ¢ o« « & 4.0



Coverad interval e 6 o 6 6 o 6 e o s e e e o s 0
g Conglcmerate, dark-gray, hard, massive; abundeant
5 2 pebbles of gray limestone and dolomite, very few
. | of chert, 2-6 cm in diameter, firmly imbedded in
v \ matrix of fine, light-gray limestone; size of
| 3K pebblées and number of dolomite pebbles increases
‘ in upper part and some sandstone pebbles are
‘- present; limestone pebbles- predcminate at the top,
up t0 16 cim in diameter . ¢ « e o o o o o 0 o o @
----'-_-----unconfomity----------
Diamante Formation (upper beds only):
Limestone, light-gray, siightly bhard, argillaceous,
with thin interbeds of light-gray, calcareous,

silty', claystone, highly fractured e o e 0 s o 0

U L
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V- resistant dolomite, sandstone, and chert pebbles stand out in relief.

Althougﬁ there are noticeable variations in pebble size and in

'

‘the ratios of pebble material from bed to bed, the conglomerates

‘display remarkable uniformity throughout the formation. Limestone
: .
’pebbles predominate in all beds in colors of dark to light gray and

rarely pink. Dolomite pebbles are numerous in some of the lower beds

.
|

and have a highly fractured appearance. A few are present thrdughout

i
¥

| . .
‘the formation. A few pebbles of sandstone and a very few of chert are

!present also. On weathered surfaces the limestone pebbles and the

matrix weather rather uniformly to a smooth surface,whereas the rore

i In most of the conglomerate beds the subangular to subrounded

.pebbles are rather depsely packed and firmly cemented by the fine-
‘grained calcareous matrix. Tﬁis matrix is similar in texture and
color to some of theilimestone pebbles and suggests that it originated

e largely from the fine materials derived frém the erosion of the lime-

stone beds which supplied the pebbles. Quartz grains, locally ranging

up to pebbles 5 mm in diameter, are present in the matrix of some beds.

B
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The limestone pebbles are fossiliferous to the extent that would
2 !be expected from the sparsely fossilifercus source beds of the
Diamante Formation. Some of the conglomerates in the lower part
! apparently have greater concentration of pebbles contairing fusulinids,
&'%ut even there they probably do not represent more than 5 percent of
%the pebbles. Three of these pebbles submitted to the U.S. Geological
‘Survey for‘fossil identification yielded the following results:
Paleontologist reporting: R. C. Douglass, 12/12/66
Sample No. IMN 10824; Locaticn: planchita 109-IV-D, H~1 NE
Stratigraphic range: Permian (probably equivalent of Leonard
of West Texas)
Fossils contained:

Pebble A: foraminifers: Parafusulina sp. thick-walled form

Parafusulina sp. thin-walled form

i
bryozoans: rare, indeterminate i

Pebble B: foraminifers: Climacamina sp. common

Parafusulina sp. thin-walled form

Pebble C: foraminifers: Parafusulina sp. thin-walled form

ostracods: common, unda2termined

170
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The bonndary of the Tipurdnh with the underlying piamante Formation

is not well exposed, but the change in lithology acroess this beoundary
is very conspicuous and quite evidently one of unconformity. In the
area of the type section south of Rid Surﬁté, the contact with the over-
$~iying Bocas Formation is covered by unconsolidated Quaternary deposits

the reversal of dips

. o£ the Bucaramanga terrace. North of the river,

+hose in the Tiburén suggests

1n the Bocas Formation as compared with

' that the contact there js a fault surface

&n Formation is virtually limited

' Areal dlstrlbutlon of the Tibur

thward 2 kilometers from the

3- to the narrow outcrop which extends nor

At

e south side of Ris Suraté.

major portion of the type section on th

.
crminates at the

its northern end, this outcyop ter

: One cther small‘lens-shaped body about 400 meters

Bucaramanga- fault.

long crops out adjacent to the same fault about 2 kilometers farther

* north (planchita 109 IV=C, D-15 NE).

) In the Department of Magdalena, pPermian beds with fusulinids have

”~
been reported in the Serrania de perijd near Manaure (Thompson and

P
on the Rio Mula, limestone boulders in

Miller, 1949), and £arther south,

%
conglcmerate contain Permian fusulinids (Trumpy., 1943, p. 1297). The
ctonglomerates are in red beds that contain volcanic material and have

#

been assigned to the Late Triassic (Trumpy. 1943, p. 1292).




The age of the Tibﬁron Formation can pe indicated only approxi-
mately as older than the Diamante Formation of Carboniferous to
permian age, from which it was derived, and younger than the Bocas
Formation the age of which is probably, but not conclusively. Triassic.
n Formatibn, its relationship to the

* The lithology of the Tiburo
and its position immed

jately west of

underlying piamante Formation,
the Bucaramanga fault seem toO jndicate that it was derived almost
m Diamante pbeds in higher areas Jjust east of the fault.

¢ exclusively fro
' The ercded material was deposited abruptly over piamante peds west of
X the fault. The origin, transportation., and deposition of the constitu-

£ less than 100

+  ent sediments may have all been confined to an area O

square kilometers.
rred to as

--Tne Bocas Formation was first refe

Bocas Formation.

the "Bocas series” by Dickey (1941; p- 1790) to include tﬁe less

Tierra to Bocas" overlying

fossiliferous series from Puente de

’ .
the "Surata series" along the highway north of Bucaramanga. The

beds were thought to be of Paleozoic age.




Inasmuch as nothing more than a brief descriptior lias been given
.of the Bocas Formation in the literature up to this time, the type area
‘has received rather careful study, and a description is given below

The area of outcrops of the Bocas between Puente de Tierra and

5~ Bocas displays a roughly synclinal structure with many minor folds and

;faults that confuse the overall picture, particularly in the middle
; .
-part of the formation. The section presented here is in two parts, the

lower one including a sequence of beds overlying the Diamante Formation
and another sequence underlying the Jordan Formation. There
‘;does not appear to be any repetition between the two series, Sut it is
%possible that some bed§ in the middle of the formation are not in-

écluded.

| . -

b The approximate thickness of the Bocas Formation shown

‘S;iowﬂ is 590 meters. The boundary with iimestone of the underlying
“fDiamaﬁée Formation is indicated as normal, but the fractured condition
of the limestone and of the sandstone at the-base of the ﬁocas section
;indicate possible faulting that may be a northward continuation of the
;fault between the Bocas and Floresta Formations about 600 meters to
;the south. North of the type section, the contact with the Diamante méy
\\Zbe a norral one, but the section appears to be overturned. The contact
i
§0f the Bocas with the overlying Jordan Formation is transitional

and includes a conspicuous color change from greenish-gray Bocas

‘beds to reddish-brown Jordén.




-Type stratizraphic section of the Bocas Formatieon,

the lower part measured aiong. the Bucaramanza=-Risnegrs highway

from Calera San Luls to Quebrada Santa flena (planchita 109 IV-A,

J=-14 S%), and the upper part measursd southward from the

village of Bocas along the rallroad to the contact wjth the
Jordan Formation (planchita 109 IV-C, A-12 E& ond 5-12 NE).
¥unicipality of Bucaramanga, Department of Santander,
(teasured by E. Aya, September, 1968) Meters

Jord&n Formation (lower beds only):
Sandstone, reddish-brown and greenish-gray, i
thard, very fine grained to silty, slightly
calcarecous, in beds up to 1 meter thick, ‘
§. 45° E., 35° SE. 5.0
Bocas Formation : " |
Siltstone, greenish-gray to reddish~brown,
argillaceous, micaceous, slightly 6alcareous,
in beds up to 1.1 m thick; highly fractured
normal to the bedding, N. 30° E., 38° sE.;
; N. 46° E., 33° . X
' (change of strike indicates possible faulting) )
Siltstone, greenish-gray, slightly calcareous,
massive; contains gray, calcareous nodules ﬁp
to 4 mm in diameter; exposure nearly parallel , ’ !

to the strike, N. 15° w., 43° §E.; N. 22° E.,

(approx.) :

| 40 SE.; M. P Ee, 83° SE. . i i h e s ... 65.0
; Covered interval (change of strike indicates ‘ %
! possible faulting) Gttt e e e et 500 i
: &

¢

- Sandstone and siltstcne, greenish-gray, hard,

s

[OU

'calcareous, massive, conglomeratic with granules

_ _of dark-gray shale, N. 86° E., 50°SE. . ... .. 12.0

17%



) -

Meters
Conglonerate, greenish-gray, hard, massive, with
subangular pebbles of gray limestone, dark-gray
shale and quartz in calcareous sandy matrix, _
N. 65° E., 38° sE. 20.0
éhale, dark-gray end gray, celcareous to noncal=-
careous; cslcareous, pyritiferous nodules up to .

20 mm in diameter and 5 mm thick « o o o o o o o

L J - 8.0
Claystone, dark-gray, calcareous, slightly mica-
ceous, thin-bedded; contains calcite-filled
mctures, N. 360 Eo, 780 SE. e o 6 © s o o o o 10.0
Covered interval that probably includes dark-gray
:  (approx.)
Shalea.ndcla.yetone e 6 & 6 0 ¢ o o 0 4 o 0 e 0 0 e 5.0

(The above section ends at a probable fault extending

north-northeastward through the village of Bocas and

up the valley of the Rfo Negro. The section that

follows was measured along the Bucaramanga-benegro

highwey from near the limestone kiln at San Luis for

about 500 meters northwestwerd to the Quebrads Santa

Elena.)




Mcters

Claystone, greenish-gray, slightly hard, with inter-

bedded dark-gray shale; somewhat crumpled,

N. Lo° w., 75° sw. e « I
Siltstone, greenish-gray, medium-hard, slightly

micaceous, N.-S., 30° W. e e e e e e e ee s 300
Siltstone, greenish-gray, hard, calcareous, micaceous,

in beds up to 10 cm thick, N. 12° E., S8° NW. &+ . .  16.0
Shale, dark-gray, slightly hard; contains fragrmentary

plant fossils e o 6 o 006 e e 000 0 s e 8.0
S1iltstone,  greenish-grsy, hard, calcaresous, bluisi at

the top 6.0
Shele, dark-gra&, easily weaéhered e e o e e s e e 5.8

Siltstone, greenish-gray, hard, .calcareous, slightly

micaceous, No 43% Wey 512 SWe 4 o e ¢ 0 0 o o o o 7.0

Shale, gray, micaceous, easily weathered « « o o o o o L.0
Shale, dark-gray, sandy, calcCareOUS « « « o o o o o oo 2.4
Sandstone, greenish-gray, hard, fine-grained, slightly

calcareous, N. 5° W., 34° sw. e e o s e s e 2.6
Shale, dark-gray, easily weaihered L 1.0
Cleystone, greenish-gray, soft, massive « « ¢ o s o o 17.7
Siltstone, greenish-gray, hard, calcareocus, in beds

25—75cmthiCk. e 5 & ¢ o ® ° 6 06 & ¢ s s o 1905

b




Sandstone, greenish-gray, hard, mediwm-grained,
feldspathic, N. 32° E., 67° M. e o e e o e
Siltstone, g;‘eenish—gra&, argillaceous, medium-
hard ¢ o o 06 0 o 0 0 e 0 0 0 e e s e
Sa.i:dstone, light-gray, hard, feldspathic . ¢ « &«
Shale, bleck, | carbonaceous, with lenses of dark

L] e o L 4 [ ] - L L] L L * L d * L3 * L]

sandstone

Siltstone, dark-gray, medivm-hard, with intercalations .

Meters

1.0

k.o

1.8

2.2

of black shale in the upper part, N. 25° E., 45° AW. . 3.1

Sandstone, dark-gray to black, herd, medium-grained,
calcareous, micaceous; contains fragments of black

shale, mpfessioné of fish scales? and plant fossils,

F. 5° E., 55° NW.

Siltstone, greenish-gray, celcareous, medium-hard . « .

Sandstone, greenish-gray, hard, coarse-grained,

feldspathic, fractured, N. 50° W., 429 SW. ¢ & o o &

Total thickness of Bocas Formation

-

= = = = =« =« «fault contact ? « « = =« « « = « - «

. L] o L] L] L] L] L] [ J L L J [ ] L] L L 4

9.5
k4.0

3.0

589.6~

177
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Meters
Diamante Formation (upper beds only) :
Limestone, dark-gray, hard, fine-crystallins,
highly fractured, slightly fetid; contains
scarce fossil shell fragments and sbundant
veinlets of white calcite, N. 10° W.,
76° sw. 40,07

Clay, reddish-brown, highly weathered, :

(probable rault zone) ¢ ¢ ¢ ¢ ¢ & & & & & 6 o o s @ 20.0?

- = = =quartz monzonlite, pink, coarse-grainede - - -




o

S e o e e -~ - -

The dark siltstone, shale, and claystone of the Bocas are not
highly resistant to weathering and erosion, and the resulting topography
is well dissected but + does not display great relief.

- The soils are of a yellowish~ to orangish-brown and are distinctive

in some areas.

Fossiliiferous samples of the Bocas Formation were submitted to

* |

the U.S. Geological Survey for identification and age determination.

The following report was received on the first samples: -




Paleontologist: E. L. Yochelson, 9/27/67

Stratigraphic range: Late Paleozoic for all samples

' Sample No. Location (planchita) . Fossils contained

EDW 27 (IMN 12236) 109~1-B, G-10 SW . Conchostracans, undefermined
s~ | DW 28 (IMN 12237) 109-II-A, G-4 NE 4 gastropod, indeterminate,

|

’ : (two genera may be present)

7 DW 29 (IM& 12238) 109-II-A, H-3NE : gastropod, indeterminate,

E g ; | (comparg with DW 28)

’,‘ DW 30 (IMN>12239) 109-II-A, I-1INW conchostracans, unéetermined
1?~:DW 31 (IMN 12240) 109-II-C, E-7 SW - conchostracans, ﬁndetermined
! . DW 33 (IMN 12242) 109-II-C, A-6 NE ostracods, undetermined

2 :DW 34 {(1Mm 12243)- 109-1v-2A, J-13 N. Cen. Edmondia-like pelecypcd

Stroebus-like gastropod

. DW 35 (IMN 12244) 109-IV-A, J-13 N. Cen. Schizodus? sp. indeter-
minate_ 5

Edmondia-like pelecypod

Stroebus-like gastropod

(abundant)
| DW 36 (IMN 12245) 109-1v-B, F-11 SE conchostracans, undeter-
B mined f
DW 37 (IMN 12246) 109-1V-C, A-12 NW conchostracans, undeter-
' mined




3
e {
3
!
,

This report states further that the globose gastropod of samples

DW 35 and LW 34 is most common in MNorth America in.the Middle and Late

tPennsylvanian. The conchostracans (one of four types i branchiopods

iwhich belong to the same order, Crustacea, as ostracods) are probably
éindicative of fresh-water rather than marine conditions.
i _
; Ostracods were reported later as follcws:
Paleontologist reporting: I. G. Sohn, 3/5/68

% Stratigraphic range: indeterminate for all samples -
!

- Sample No. Location {(planchita) Fossils contained
. DW 32 (IMN 12241) 109-Ii-C, E~7 SW Abundant ostracods, indeter-

minate, in limestone .

- DW 38 (IMN 12247) 105-Iv-C, &-12 SE Ebundant ostracocds, indeter-
minate, in limestone pebbles

of a conglomerate.

- DW 33 (IMN 12242) 109-II-C, A-6 NE Smooth, indeterminate
ostraccds. éstracods on
a weathered surface of the

"rock could be either
Paleozoic or Mesozoic in

in age.




3

5

7

13}

3

14

i
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The report states further that the presence of conchostracans,
the nesting of valves in the ostracods and their smooth cross secfions
suggest but do not prove a nonmarine environment and a post-Paleozoic
age for the limestone in which the fossils occur. Also the samples

*- submitted may represent both Paleozoic marine and post-Paleozoic non-
i

] %
i

-marine rocks.
Because of the poor state of preservation of the fossils, more
. samples were submitted, some from new localities and some from

locations sampled previously. A report was received for two of the

Y‘;jﬁeg’."{f‘ﬁ)«tw"m‘, S

I¥- ' new locations:

)
M e ARG RS v

5 et

Paleontologist reporting: I. G. Sohn, 9/6/68

Stratigraphic range: probably post-Paleozoic

, Sample No. Location (planchita) Fossils contained
. DW 35/68 (IMN 13903) 121-III-B, G-8 SE Two poorly preserved

15— 2 :
ostracods, indeterminate.

. DW 36/68 (IMN 13904) 121-III-B, H-8 SE One incomplete mold of
ostracodAthat could be

from either the

Theriosynoecum group of

Early Cretaceous age or

possibly Tungchuania of

Triassic age. :




Conchostracans are the fossils most commonly found in the Bccas
»  Formation where they occur in some of the dark shales and siitstones.

v Most resemble the genus Cyzicus (formerly called Estheria)

! %whj_ch ranges from Devonian to Holccene and has world-wide distribution.

|A few resemble Estheriella costata Weiss of the Lower Triassic of

Germany (Moore and others, 1952, p. 545).

Plant fossils occur sparingly in the Bocas Formation. In the area

A d

8 gof the type section, fragmentary fossils were collected and described
,by Langenheim (1961, pP. 107) from dark gray shale and siltstone in
x0~§the road cut at the east end of the highway bridge that -crosses the Rf;

| lde Oro to the village of Bocas (planchita 109-IV-C, A-12 NE). The
;report states that the fossils are from near the.top of the formation,

?but investigations for the present report indicate they are from near

i . .
‘the middle. On the basis of the identification of two genera,
{ .

|

'Cordaites sp. and Mesocalamites sp., Langenheim (1961) postulates an

_Early to Middle Pennsylvanian age for the Boéas, more probébly Early

| Pennsylvanian. No other identifications of plant fossils from the

i
. 1 i

 Bocas are known. !

In the area of the type section in Quebrada Santa Elena (planchita

1

109-1v-a, J-14 SW), an attempt has been made to develop a coal bed in

i
i

'

.the Bocas Formation by tunnelling into the hillside. The tunnel has

icaved in so the coal bed cannot be seen. According to the

inhabitants of the area, no coal of commercial value was ever produced.

|
|
|
-




Northward from the area of the type section, the Bocas is

exposed in a narrow belt between the Bucaramanga fault cn the
ieast and a fault contact with the Girdn on the west. This belt widens
%into a large arca of exposure in the north-central part of quadrangle

H-12 where the Bocas is well exbosed along the road southwestward from the
!main highway toward Cuestarica (planchita. 109-II-A). The upper 230
meters of the Bocas in this area is described with the overlying

section of the Giron Formation (see p. 207), Rhyolite and intrusives
breccia intrude this large area of Bocas beds in a belt west of Qnd |

parallel to the Bucaramanga fault. Between the Bucaramanga fault

and the intrusive breccia, the Bocas contains a central section of clean,

t

i :
flight gray, highly fractured quartzite. The quartzite belt is more

fthan 1 kilometer wide at the northern margin of quadrangle H~12 and

#
!
3
S
£
B
k.
4
5

inarrows gradually southward until it pinches out southwest of Rionegro.

- It is not present in the area of the type section.

About 15 km northeast of Bucaramanga, in a block of sedimentary

rocks - - downfaulted against pre-Devonian rocks on the northwest,

the Bocas Formation overlies Pre-Devonian metasediments of the Silgaré

Formation. 1In the south-central part of quadrangle H-13, the Bocas

- overlies the Floresta Formation in several places. It is usually

, overlain by beds of the Giron Formation, but in some places by the

Jorddn Formation.



~

Because of the various ages that have keen suggested for the
Bocas Formation,based on poorly preserved plant and invertebrate
;fossils, it has been necessary to reevaluate the previous age assign-
fments in the light of the newer informatién. A Triassic age now seems
?more likely than - Carboniferous, as indicated in previous reports,

.and this change is made for the following reasons:
f

.

) '
; 1. Invertebrate fossils in the older Diamante Formation that

were originally thought to be of Mississippian and

Pennsylvanian age are now thought to be of Middle
, Pennsylvanian to Early Permian age. This change is re-

inforced by the finding of fusulinid Foraminifera of similar

age that are reported here for the first time.
2. THe thick limestone pebble conglomerates of the Tiburon
Formation that overlies the Diamante Pormation were derived

from the Diamante beds and can therefore not be older than

Middle to Late Permian.

3. Ostracods in the Bocas Formation, although not identifiable
with certainty, display characteristics that are more
suggestive of post—Paleozoic than of Paleozoic forms, and

one of the conchostracans present strongly resembles a

‘ Triassic form.




Considering the similarity of lithology and fossil content (poorly
preserved gastropods, bivalves, ostracods, and conchostracans or estherids)
. S
of the Bocas to the Los Indios Formation near Fundacion in Department of

i Mgdalena (C. Tschanz written commun.), the Bocas Formation appears to be

correlative with the Los Indios. This suggested correlation is further
strengthened by the lithologic similarities of the overlying formations,
the Jordan Formation of the Bucaramanga area to the Guatapuri Formation

that overlies the Los Indios.

l A Jurassic System

Jordan Formation

The Jordan Formation was first recognized by Cediel (1968,

1]

The type section is 1 kilometer west of the village of Jordan on the

north slope of the canyon of Rio Chicamocha (planchita 135 -II-B, D-3

L4

“- and E-3). The Jord4n there includes two facies (Cediel, p. 67) divided
by a transitional zone of approximately 10 meters that does not indicate

any pause in deposition.
: ' Upper facies (200 m)--uniformly reddish-brown siltstone and very

P. 66) in his study of the Girdn Formation in the Bucaramanga area.
fine grained sandstone, well-stratified in beds from 30-80 cm thick.
Lower facies (thO m) --principally coarse-grained, greenish-gray
sandstone in beds up to 1 meter thick and a few beds of
: greenish-gray shale up to 2 meters thick; a few thick beds with

cross stratification contain conglomeratic zones with pebbles

upAto 2 centimeters in diameter.

ghe éase of the section is not. exposed, but elsewhere in the area the
Ordan overlies phyllitic and schistose metamorphic rocks.

e

ond
o)
)
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Acid volcanic rocks associated with the Jorddn in the area of the
i‘t:ype section are referred to as welded tuffs (Cediel, 1958, . 67}).

EOne bed 30 centimeters thick in the upper facies of the type
j
isection is composed pri.cipally of angular fragments up to 1 centi-

! .
i

meter in diameter of acid volcanic and metamorphic rocks.  About 2

kilometers to the northeast, on the trail from Los Santos to Jordan,

¢
!
!
t
¢
{
'

‘two thicker beds of this tuff ure exposed and are separated by 80

y meters of siltstone and s;ndstone.

For the beds overlying the Jorddn in the area of the type section,
b v -

- Cediel, 1968, p. 58) has proposed the name Los Santos Formation in

 place of Tambor Formation, with the type section of the Los Santos in

t

, the same area as that of the Jordan. He found angular discordances
l

{up to 30° between the two formations in the area of the type sections.

H : -

:In the present report, the conglomeratic beds immediately overlying
‘the Jordan at the type section are mapped as a thin section of the
_Girdn Formation which is in turn overlain by the Tambor Formation

:(Los Santos Formation of Cediel).

g The Jorddn Formation has previously been included in the Giron

tAf'm:men:ion, and on maps of the mesa area south of Bucaramanga by

‘%Julivert and others (1964) and Tellez (1964), the lower shale member in

{
i

?the Mesa de Los Santos area corresponds approximately to the Jordén

Formation. North of the mesa the Jordan is covered by the Girdn.

;
H
5
|
!
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i
!



In the western part of Mesa de Los Santos, the Jordan Formation

!
1
|

is exposed in a large area where erosion has removaed the overlying

i

| Giron and Tambor Formations that form the cap of the mesa. 1In the
precipitous western slope of Quebrada del Angelino (or Cuebrada
Grande on planchita 120-IV-3, H-1 and I-l), the Jordan section may be
more than 800 meters thick. The base is not exposed. -

In the Bucaramanga area, the Jordan Formation is well exposed in

i Ud
5the canyon of Ric de Oro south of Bocas where it overlies the Bocas
Formation. A section measured is given below.

The Jordan measured section is almost uniformily fine

zgrained and reddish~brown in color throughout. South of Piedecuesta,
| A

where the formation cowvexrlises pre-Dewvonian phyllites, the lower S5C

i

. meters contain conglomerates with fragments of porphyritic igneous

rock that are derived from a phase of the Pescadero Granite'which crops

rout nearby. This conglomeratic lower section of the Jordan can be
traced southward to the beveled edge of the formation on the eastern

slope of Mesa de Los Santos. Northward the conglomerates grade to

feldspathic sandstones. A description of the lower conglomeratic

seéction of the Jordan is given below.

The basal conglomeratic section -

is glightly overturned

Eand the beds dip steeply toward the east. Westward, and higher in
;the section, dips are normal and steep to the west. The section is
|

i

{mostly reddish-brown siltstone and includes units of harder, very fine

:tO medium~-grained feldspathic sandstone up to 11 metexs thick.

!

L
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3
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-Stratigraphic section of the Jordan Formation meassnrad '

alone the railroad on the west side of the canyon of theiRdo

de Oro south of Bocas (planchita 109 IV-C, B-12, B-13,

c-13

end D-13), Municipality of Bucaramanga, Department cf Santander.

(Measured and descoribed by E. Aya, September, 1968)

Girdn Pormation (lower beds only):

i

; Conglomerate, gray, massive, with .aub-a.ngular
s
l

pebbles of white quartz and few pebbles of volcanic
rocks, black chert and shale in ccarse, sandy, mica-
ceous, slightly calcareous matrix, N. 25° E.,

43° sE. e e e e

- - e eee e anCONfOrMity= - c - - - - - - -

Jordén Formation:

Siitstone, reddish-brown and greenish-gray, hard,
slightly calcareous, with interbeds of reddish-
brown, slightly calcareous .claystdne . ... . .o e e

Sandstone, reddish-brown, hard, fine-grained to
silty, slightly calcareous and micaceous, in beds
1.0-2.5 m thick, N. 32° E., 182 SE. © ¢ ¢ o ¢ o «

Sandstone, reddish-brown, hard, fine-grained to

silty, slightly celcareous and m_icaceous, with

{nterbeds of soft reddish-brown shale, N. 75° We,

10° sw. e e s e e e et e e s e e

Sandstone, reddish-brown, hard, fine-greined to
8ilty, slightly calcareous and micaceous, in beds

l-3mth1Ck, horizontal « « « o« .-o e o o o o o

* o

Meters

10.0

15.0

15.3




Stltstone, reddish-brown and greenish-gray inter-
bedded, hard, slightly calcareoﬁs and micacecus,
N. 60° E., 14° sz,
Siltstone, greenish-gray, hard, slightly calcareous
@dmicaceous ¢ o 6 6 6 s s s 0 s 0 0 s s
Sandstone, gréenish-gray) slightly calcareous,
conglomer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>